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Pp & W. MacLellan, Limited, 
* OLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY [RONWORK, BRIDGES, ROOFING, &c, 
Chief Offices: 129, Trongate, Guascow, Od 8547 
meester ed Offices: 1084, Cannon St., London, E.C: 


EA. (i Mumtord, L 4 


CULVER STREET WORKS, COLCHESTER. 
On ADMIRALTY AND Wak OrFice Lists. 
ENGINES for Torpedo Boats, Yachts, Launches, 
BOILER FEED PUMPS. 

See Advertisement, pages 33 and 96, last week. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIC FEED REGULATORS. 
And Auxiliary Machinery as supplied te the 








a: Admiralty. 2179 
J ohn H: Wilson &Co.; Ltd. 
Birkenhead. 
See Il ain kaos t 





Page 127, May 21, 


B pcomotive Shunting Cranes 


Steam and Electric 


ranes, 
EXCAVATORS, CRANE-NAVVIES, GRABS, 
CONCRETE-MIXERS, 
SHIPS WINDLASSES, WINCHES, 
DECK MACHINERY. 





and 





8569 


lasts or StTanparRp Sizes ON APPLICATION. 





London Ofhce: 
15, VICTORIA STREET, 8.W. 1. 


(vig & Donald Litd., Machine 


TOOL MAKERS, Jonnstorg, near Glasgow 
For class of Machine Tools see our Illustrated 
Adve ertisement every alternate week. 1358 


CHANTIERS & ATELIERS 
A ugustin - (\J ormand 


67, rue de Perrey—LE HAVRE 
(France). 











3890 
Destroyers, Torpedo Boats, Yachts and Fast Boats, 
Submarine and Submersible Boats. 
NOR MAND'S Patent Water-tube Boilers, Coal or Oil 
Heating Diesel Oil Engines. 


‘lectric L its 


(UP TO 35 TONS.) 
8. H. HEYWOOD & & CO., LTD., 
REDDISH. 





-. 


8143 


Siam Hammers (with or 





without guides). Hand-worked or self: 
TOCiS for SHIPBUILDERS & BOILBRMAKE 
: —— 8322 
DAY \5 & PRIMROSE, Lumiren, Lerra, BprweurGE. 





Fy one Patent Ljtter Co 
summers, 


resses, Furnaces, 
COVEN TRY. 610 


Re ver, Dorling & & Co. Ltd.,|== 


BRAD 
1 '-CLASS ENGINES POR ALL 





are 
eer AIR  COMPRESSIN 
PUMPING ENGINES. 1896 


ranpa-Mieparie Steam, 
STSeeoLcy and 2 ee, 


of all t 
CRORGB gustan 86 & CO,, Lrp., 
Motherwell, near Glasgow. 








| |W ‘CTdleseSteel Pubes 
ae 


d er memss of 


arrow & Co., Ltd., 


+ 
y SHIPBUILDERS AND ENGINEERS, 
GLASGOW. 


8 
SPEEDS UP TO 45 MILES AN HOUR. 
PADDLE OR SCREW STEAMERS OF 
EXxcepTionaL SHattoOw DRravenur. 


Repairs on Pacific Coast 
Pp YARROWS, LIMITED, Victoria, British 


Columbia. 
SHIPBUILDERS, SHIP REPAIRERS AND Eworxerts. 


yles Limited, 
BAA IRLAM, MANCHESTER. 
FEBD WATER HBATE RS, 


CALORIFIERS, BVAPORATORS, Ph 


TENTS. 
CONDENSERS, AIR HEATERS, 
Merrill’s Patent TWIN. STRAINBRS’ for Pump 


Suctions. 
HX SYPHONIA STEAM TRAPS, REDUCING VALVES 


Sahn GUNMRETAL STBAM FITTINGS. 
ATER SOFTENING and FILTERING. 5723 





(‘ampbells & Hee, L 4 


SPECIALISTS IN 


Drillers & Boring Machinery 
for Engine Works and Boiler Shops. 
DOLPHIN FOUNDRY, LBEDS. 4547 


¥Y achts, Launches or Barges 


Built complete with Steam; Oil or Petrol 
Motors; or Machinery supplied Od 3551 
VOSPER & CO., Lrp,, Broap STREET, PoRTSMOUTH. 


(Sochran MULTITUBULAR AND 


CROSS-TUBE TYPES. 
See page 17, May 21. 


Boles. 
lectric ranes. 
E C 


8. H. HEYWOOD & 00., LTD., 
REDDISH. 











FOR 
rop forgings 


write 
GARTSHERRIE ENGINBERING & FORGE CO,, 
50, Wellington Street, Glasgow. 7898 
auges 


AB et 


Stock. 


Newall Engineering Co. 


(Proprietors, ng ame Ltd.), 
Lonpor, B, 17. 








7824 


ank a omiiy 6 


mewess = and Workmanship equal to 
Main Line Locomotives 





[lubes and Nittings 
IRON AND ag 
Stewarts and | loyd’s, I ‘2 


41, OSWALD ST., GLASGOW. 
BROAD STREET CHAMBERS, BIRMINGHAM ; 
and LONDON OFFICE— 

WINCHESTER Satay Op Broap Street, B.C. 
LONDON WAREHOUSE-167,Upx.THames S1., B.C. 
LIVERPOOL WAREH OUSE—63, PaRapise Sr, 
MANCHESTER WAREHOUSE—S, Deansaare, 
CARDIFF WAREHOUSE—132, Bure Sr. 
BIRMINGHAM WAREHOUSES—Nie STREET, 

SHEEPSCOTE STREET. 
See Advertisement page 28 8187 
astings 


inished 'S . 


ensure ° i rapid production and reduce 
aoe cost by eliminating machining operations. 
rite for illustrations to SPARKLETTS AND GENFRAL 
Mre@. Co., Ltd., Edmonton, London, N.18. 7895 


lB F.A. fre J*tnguishers 
are foremost as fire fighters. No Acids. No Alkalis. 


Safe to use and always ready.— BriTisH FIRE APPLI- 
ances Co., Ltd., 10¥, Vic toria St., London, 8.W. 1, 


raversers 











ocomotive 
(ELECTRIC), 


S. H. HEYWOOD & O0., LTD., 
REDDISH. 





8143 





Glasgow . Railway 


T* 
Engineering Company, 
GOVAN, GLASGOW: 


London Office —12, Victoria Street, 8.W. 
MANUFACTURERS 0) 
RAILWAY CARRIAGE,. WAGON & “TRAMWAY 
w LS & AX 


CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOX 833 





Time Recorder Wanted, 


State price and where can be séeu.—BOX 











[nstrument (Co Lt 


eon ve and  Bilectrical 


Works: Cambridge an 


New Southgate, London, nN il, 


M.I.Mech.F., 


Inspected, Tested and 
“wire: experience. Tel. : 

, London,” 
15. 


1 74 
Reve Wagon, aad 


WELDLESS CHAINS. Lrp., Conebetigsi 
Iron and Steel 





E. ie ae Davis, 
Cae a, 








oon (Lt bes and eae 





The Scottish Pabe Co., Ltd., 


Heap OFrice: 34, Robertson Street, Glasgow. 
See Advertisement page 109. 


ax| J)? 











R. & W. HAWTHORN, LESLIE ! & CO., Lrp., T.R., Smrrn’s Advertising Agenéy, Ltd., 100, 
ENGINEERS, NEWCASTLE-ON-TYNE. 8203 | Fleet. Street, London, E.C. 4. F 600 
to GOLD MEDAL-invartiows Exureirion-AWakpeD. 
, 
})xcava ne. Peckham s Patent Suspended 
WRHIGHING MACHINES.—BE. FERRY 
FROM 50 TO 600 YARDS PER HOUR, ROAD ENGINEERING WORKS COMPANY, Lrp. 
: Lowpon, E.— ge es ae oe age 
8 Ti Advt. ‘eek, el 7977 
D Whitaker, 7985 He ae ee 
* 
1, Union STREET, R u b b er 
LIECESTER. 
” . 
“CQ pencer- Hopwood Patent Belting 
SoleMakers : Boilers. 
W. H, SPENCER & CO., Hrrenty, Herts. GUITA PERCHA & RUBBER, LIMITED 
See page 16, May id i Toronto Canada. 8510 
h ambridge- an au Patent 
T , Be ‘ee’ 8 Hydro- Pneumatic ~ Ash Kj ector. 
Great ee of labour. No noise. “ dust. No 
dirt. Ashes discharged 20 ft. clear of vessel.—Apply, 


FP. J. TREWENT &+: PROCTOR, Lrp., Naval Archi- 
tects and Surveyors, 43, Billiter Bidgs. ., Billiter St., 

London, B.C. Od 4835 
esel Driven Generators, 
400-500 Kw., D.C., 500 or 250 Volts, 320 


R.P.M., in euseiont sg ool hn A pot pmo 
Engines an: os — 
Eagie TWO TURBINES, 


230-250 Mage bee C. Ans series 460 -500 80 volt) complete 
with Spare Ar  Conden' 
Exhaust TURBINE srr. Willans-#.0. C,, 200 Kw., 
440/500 Volts. one with Condenser, Pumps, &¢ 
JENNINGS, 
West Wallis, Newcastle-on-Tyne. 7969 


ON ADMIRALTY LIST. 
“| Joba ohn 





Kirkaldy, Ltd., 


Office: 101, LEADENWHALL Sr., 8.0.3, 
Works: BuRNT Mn, near Hintow, Basex. 


Eva; vod isting Page 
Hetngerating and ice Ma 
Feed Water 

Water Distillers. 


Combined Sriereecie Air Pumps. 


Dn ae ee 


a 





°Y arrow Patent 
Wieter-Tube Boilers. 


Messrs. YARROW & CO., UNDERTAKE 
PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Steam Drums. 
Pockets, and Superheaters for British and foreign 
—— not havin me necessary facilities. 

RROW & , Lrp., Scorsroun, GLaseuw, 


John Bellamy ‘Limited, 


MILLWALL, LONDON, B. 
GENERAL CONSTRUCTIONAL 191+ 


Boilers, Tanks & Mooring Buoys 


Srrus, Perrot Tawxs, Arn Receivers, STEEL 

Currys, RIvETTED SreaM and VENTILATING 

Piers, Hoppers, Sprcran Worx, Repairs oF 
ALL KINDS. 


RAILWAY AND TRAMWAY ROLLING STOCK. 

Ht N elson & (Co. [4 

Tue Giaseow Roiiiuxe Stock aNp PLaNtT by 
MOTHERWELL. 


ead, rightson & Co. 
|S esa f C™ 


LIMITED. 


‘— 








See Advertisement page 93, May 31. 2403 


Time Recorder, as New, 


A guaranteed, latest model. WHAT OFFERS? 
—A. G. SORLLBY, 149, Farringdon Road, 8.0.1, ° 


¥ 500 
THE Giaseow Rouuixe Brock AND PLawr Worxs, 


Hx, Nelson & Co., Ltd., 


BuildersofRAILWAY Loman ome Boeken ane 4 
Le, ape and EVER 

F RAILWAY ‘axp TRAMWAY ROLLING 81 STOCK, 

or Makers of Wuegss and Axies, Rariway Prart. 
Foreuves, Smirn Work, Inow anp Brass CasTines, 

Pressep STEEL Work OF ALI. Krvps. 

ed Office and Chief Works: Motherwell. 

on Office: 14, Leadenhal) Street, B.0. Od 3382 


GQ teel (\astings. 


THOMAS SUMMERSON & SONS, Lrp., 








Lo 








DARLINGTON, 1903 

fy lectric ['ransporters. 

8. H. HEYWOOD & ©O,, LTD., 8143 
REDDISH. 





Alum inium 
Bodywork 
Beautifies 
Automobiles & 
Sjaves 
Petrol. 


The BRITISH ALUMINIUM ©CO., Inp,, 
108, Queen Victoria aula Rivest, London, ‘BO. 4. 


(Nentrifugals. 


| Pott ((aseels & VW lliamson, 


MOTHERWELL, SOOTLAND. 


ros half-page Advertisement page 92, May 14. 





team ammers 
tea pe Lome 


riction 
Drop rd 








B. & 8. os! 
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[the Marichester Steam Users’ 


tag! og meet — r Steam Bois Explosions and 
en! er 
of Economy in the Application 
on both 9, m._ 0, MOUSE Srreer, MANCHESTER. 
Chief eer : B. STROMBYRE, M.LO.E. 
Fou 1854 si by ore Wri114M Farnpaten. 
Cert’ of Safety = aed os — bg not and 
bs trae We Act, 1901. 


ities paid in case mal Taplow se 7771 

and Boilers inspected during conmtraction. 

[ast C C.E, Exams. —Over 30 oe 
Correspondence en 

prisms Boo, Quantiiea! = few 

Address, 7434, Offices of Bw 

shanad Ticsnce for 


B.Se., , all ENGI. 
NEERING RXANis. 
Subjects. Personal tui 
iy to Mx. TREVOR W. PHILLIPS, B. 
‘M.Inst.0.H., M.R.S.1., 8-10, 
Obambers, 58, South John Street, way eo, 








THE SOUTH ms — aaa COMPANY, 


[renders ; for the has 


wermmeeer | 22-64 a uppl of a 


irder Spans 


be obtained 
West- 


Bpecthosstone nisl Leonie of Peber may 
at the Com ‘e Offices, 91, York 


ee. 8. 

Lng AIEEE to the Chairman and Directors 
of the South Indian Railway ery Limited, 
marked * Tender for whe ge sag left with 
the undersigned later than. ‘Two p.m. on 
1 eons the 8th J oad 1920. 

A charge, which will not be returned, will be 
made of 20s, for each copy of the Specification. 
Copies of the drawi may a at the office 
of Ropert WHITE, . M.Inst.C.B., Consulting 
Engineer to the Company, oe Victoria Street, 
Westminster, 8.W. 

By Order 


W. B. REYNOLDS, 
for Managing Director. 
91, York Street, 


Westminster, 8.W. 1. 
2ist May, 1920. Gi4l 





[2st. C.E., I. Mech. E., B.Sc., 
and all B coring —Mr.G 
KNOWLES, B , Assoc. M. Inst. O.H., F.8.1., 
M.R.San.1., PREPARES ————- personally 
or by correspondence, Hundreds 

Courses may commence at any Vime.~99, Vistori 


»|/Tthe North Eastern Railway 


: COMPANY have the following second-hand 
PLANT for DISPOSAL at their H ulic Power 
rttes at West Hartlepool! :— 

A STHAM-DRIV HYDRAULIC PUMPING 
ENGIN os — for 750 lbs. per aq. inch ~ gag 





M.L.C.E. 


fA aoe Tuition, ‘Alse Postal Courses in Mechanical 
Design and Mathematics.— 
palniwG Fons, a, Oxford Road, Manchester. 


8s. W .5.W. 
and A.M.I.M.E. 


TENDERS. 


AUCKLAND HARBOUR BOARD. 
NEW ZBALAND. 


[lenders are Invited for the 
SUPPLY of THREE steel dumb HOPPER 
BARGES, 3/400 cubie yards capacity. 
Specifications can be obtained on payment of a 
deposit of two guineas at the office of the Board’s 
Agente. Messrs. W. & A. <A lene. 18/19, 
Silk Street, Cripp! ee Leneee, © 
Tenders to reach Wek at MoARTHUR, 
Lrp., not later than 31st st July. 1920. 


LONDON COUNTY COUNCIL. 
The Council invites 


[\enders for the Supply of 
“ 4000 DRIVING WHEEL TYRBSS, and 3500 
TRAILING WHREKEL TYRES for Electric Tramways 
The form of Tender may be obtained from t e 
pemenyy | Manager, London Count; oo Tram- 
, 28, Belvedere Road, Lambeth, 
o Tender received at the Counts Tisit, Sprin 
Gardens, 8. W., after 12 noon on Tuesday, 15th 
1920, will be considered. 
The Council does not bind itself to accept the 
lowest or any Tender. 
MBS BIRD, 
Olerk of the Ev County Council. 
G 137 














=e 





LONDON COUNTY COUNCIL. 


[lenders are Invited for the 


roadwork and pistelaying for the construction 
of tramways in Well Street and Lauriston Road, 
Hackney, and the reconstruction of tramways in 
Church "beescent, Grove Road, Burdett Rood, and 
West India Dock Road. The length of track is 
about 5} miles of f single line. Po’ n pavin, = 
will also be i The © will be 
quired to use the rails with their pew ane Ha and the 
special work for the various crossovers, &c., provided 
by the Council. 
= ae of Tender and all necessary documents 
be obtained from the Council's CHIEF ENGI- 
NHBR, Mn. G. W. Humpnneys, 0.B.B., theCounty 
Hatt je ape gy Sy nee 8.W.1 ya payment to the 
Cashier of Council, ot £5. Th amount will 
be returned only ifa bona fide Tender is submitted. 
The particulars of the work and the conditions of 
contract may be obtained at the County Hall, before 


payment of this fee. 
enders must be on the Official Forms. No 
Tender received after Four p.m., on Monday, 2ist 
June, 1920, will be considered. "The Council does 
does not bind itself to —— any Tender, G 770 
KS BIRD, 


Clerk of the London County Council. 





a. R. 


MINISTRY OF MUNITIONS. 


BY DIRBOTION OF THE DISPOSAL BOakD | Crecib' 


NT AND MACHINERY SxcTION). 


FOR SALE BY PUBLIC TENDER 
OIL FUBL _INSTALLATION. 


[lenders a are - Invited for the 


ADMIRALTS’ < OIL FUBL INSTALLATION, 
erected in 1916, on land adjacent to Alexandra Dock, 
Hull, known as Hedon — cousistin 
of stmBL TANK, 80 ft, dia. b: 

I, pipe emmy from as in. to 1 ng 
sainth jacent land and a'youp. The 
PUMP HO Oy 3i fee in. by 23 ft. 6 in. contains 
A —~ ges Pumps, each direct coupled 
0 


with a reputable , nes, Be lease of the land 

en which —s is installation stands (incl 

Tank — mp House) fora ay of 50 years 

Dlpe tine renewal fer a further 26 P pat the 
lines which run along jetty will require to be 


a ee be seen, permits 
to view and Tender Forms obtained fram the 
CONTRO! 

Disposa 





LLBR, Plant and Machinery Section of 
Board (D.B.i Charing Cross . 
ment Builainge, ow. .2. ~— 
et on June 4th, 1990, 


Nors. — of other Governmen 
propery to by. @e ua, pice 3a at al 
post free in nited 
advance to the of Publicity ot 
Place, Londen, 8.W. 1. 





tol GE 
The Hull ee ane pores = negotiate | Post 





inch steam pressure. 
” The Bugin ne 1 fe dttod with two cylinders each 18 in. 
diameter ss 24 in. stroke, direct coupled to two 

“Armstrong” t¢; Hydraulic Pressure Pumps, 
having rams 4 in. dia., and pistons in. dia. 

The Bagine has two cast iron fly wheels, one 
on each side of the bedplate, and the steam cylinders 
are in the centre between the crank-shaft and the 
pumps, the whole of the machine being mounted on 

a massive cast iron bedplate. The ine is com- 
plete with suction valves, or and steam stop 
valve, the suction pipes ing 5 = Ss dia., and the 
i pipes and steam pipes 4 in. 

ye! Company will Senet the 
at the are nt below the engine house floor level, 
and all piping and valves from this point to the 
engine will be taken over by the purchaser, The 
Engine is in running erder. 

5 Ton HYDRAULIC CRANE, made by Messrs. 
ia ak Walker OS oe — oie My base of 
13 ft. 2g in., gauge t. Bin t from centre 

head hea eave to bay level 53 ft., and suit 


AUCKLAND HARBOUR BOARD. 
NEW SBALARD 


Tessas are Invited for the 


Vemrdetce = ONE Two Ton TRUCK CRANE. 
be obtained on psyment of a 
aspoat of vo ‘Guineas, oth e office of the Board's 


, Messrs , Lap., 18/19, 
stk eieveet, Cripplenate, London, E.C. 2. 
Tenders to reach Messrs. W. & A. geome gh 
Lrp,, not later than 3ist July, 1920. G 775 
BOROUGH OF OF CREWE. 


BOROUGH ENGINEER | 4 SURVEYOR’'S 
DEPARTMENT 


The Corporation are prepared to receive 


(fers for a Petrol Engine, 


which has been removed froma Mark 4 Tank. 
ine may be inspected on application to 





The 
the und 
Offers to reach the ee by Nine a.m., on 
—-_ the 14th June, 1920. 
G. WILKINSON, M Se,, A.M.Inst.C.E., 
Borough Kogineer and Surveyor. 
Municipal Buildings, 


rewe. 
26th May, 1930, G 792 


BOMBAY, BARODA AND CENTRAL INDIA 
RAILWAY COMPANY. 





The Directors are pre to receive up to noon 
on Friday, 11th June (this date will be strictly ad- 
to 


hered 
[lenders for the Supply of :— 


1, Steel Material. 
2. Bearing Plates. 

Tenders must be made on Forms, copies of which, 
with Specification, can be obtained at these offices 
on payment of 20s. each (which will not be re- 
turned). 

The Directors do not bind themselves to accept 
the lowest or any Tender. 

8. G. 8. YOUNG, 


Secretary. 
neat 10, ‘BI h te, 
1 8 nopeae 
London, 8.0. 2. 
N.B.—On and after the 10th June, the Company's 
offices will be White Mansion, 91, York St., West- 
minster, 8.W. 1. G 758 





yy ~ — draulio working pressure of 750 lbs. per sq. 
inch. The we is in fa r condition, but is partially 
dismantled, some of the stays are broken. 
Fad ave | "ts ing near No. 2 Sheer Legs, at West 
and is offered on the condition 
thet " cy dismantled where it stands and removed 
pF ney eye! at own expense. 
th the above may be seen on ~ eg to Mr. 
G. Macanpine, Mechanical neer, eee gad 
Power Statien, Middleton Road, West Hart 
Forms of Tender may be obtained on application 
to Mr. B H. CLARK, Stores Superintendent, North 
Kastern Railway, Gateshead, and must be returned 
addressed to him by 9.30 a.m., on Tuesday, 8th _ 
716 





CONTRACTS, &o, 


GREAT SOUTHERN & WESTERN RAILWAY 
(IRBLAND) 


CONTRAOTS, 1920. 


The Directors of the Great Southern and Western 
Railway Fi gd 3 prepared to oats at 


Trend ers for the Supp 


the undermentioned STORES pply both of 
and Three Months commencing Ist July, 1920 :— 


No. of No. of 


Form 

Derm. Glass and China Sun- 

Baskets ee | dries .. 278 

a, Nuteand Rivets 18 | Hardware(Sundry)... 17 

rooms anc rushes 

Brass Fittings for “ — ~~ peek Fittings 
1 


Carriages India Rubber Goods 9a 


Do. do. for Lamps 18a 
Do. do. for ) sas gy 264 Iron ‘Tubes and Fic " 


Do. do. for Gas ... 268 
Bunting oe oe 
Canvas and Sacks ... ‘ 
Castings, Mall. Aron 
pe a - 

Cloth Carr 
Clothing, Oil... on 

Do. LR. proofed 
Coach Screws err 

Washers . e 
Colours cee eve 


ings... 29 
aoe and Steel Wire 30a 
Leather eee 12 
Linen . 


Locks and K 

—_ Fibre ov 
Moroccos __e... 

Plame ba go 
um 4 

Rain Water Pipes and 
Gutters 


Ropes, Twine, 
se Pipes, sua, 

e 
Shovels, Spades, ete. 214 
Soft Good « 8 


Spon, Cloths’ 5 
8 Wire Pulleys 11 
Screwsand Split Pins 14 
Tin Plates... 22 
ee ese on a 
Waterproof Clothin; ¥ 
Wicks ‘ 5 


and 


Cl 
Files and Tool Steel" 
Fire Bricks and Clay 
Foundry Requisites 
er tage Sheets, Buckets, 


Grates, “Stoves and 
Fenders 


SE 8 SBS8 otféer 


Grindstones . 

Giass, St saa a ve. Fence’ and_ 
Plate... eee +. 374 Wirework we 
Forms of Tender. can be obtained 





LIVERPOOL CORPORATION ELECTRIC 
SUPPLY DEPARTMENT. 


Plant for Sale. 


Two 2000 K.W. Double Flow Westinghouse 
Parsons TURBO ALTERNATORS with Condeneers, 
Air hey and Gwynne ae Send ison RPM Steam 
—— 80 Ibs. per-sq. in. P.M 

h generator capable of ha three phase 
current at 6000 to 6600 volts between adjacent 
conductors at 50 per second separate excitation at 
460 to 580 volts. 

Offers for the above plant, which must be removed 
to make soom for of larger cap to be 
addressed to the Town Clerk so as to be aaa by 
him not later than the first postal delivery on June 
14th, 1920, endorsed “‘ Tender for Turbo Generator.” 

The Corporation do not bind themselves to accept 
the highest or any Tender. 

The Plant may be _seen running at the Power 
Stati y t and full particulars and 
Forms of Tender may be obtained on application to 
the City Electrical neer, 24, Hatton Garden, 


Liverpool. 
EDWARD R. PICKMERE, 
Municipal Buildings, Town Clerk. 
Dale Street, 
Liverpool. 








G 762 
THE GREAT INDIAN PENINSULA RAILWAY 
COMPANY. 





The Directors are pre 


[renders for the Bupply < of the 


following stores, namely :— 
Specification Fees. 
. Laminated Springs, Etc. 21 
. Plate Glass, &c. 10;- 
. India Rubber Hosepipes, Sheets, 
7/6 


C. 
. Galvanised corrugated Sheets, 
&e 10/- 


. Spring Steel. 10/- 

oist Black Paint. 10/- 

. Leather Hides, &c 16]- 
Specifications and | ll of Tender may be ob- 
tained at this office on payment of the fee for the 
Specification, which payment will not be returned. 

The fee should accompany_any application by 
post, 

Tenders must be delivered in separate euvelo 
sealed and addressed to _ nth meng mar! 
“Tender for Laminated 8 
case may be, not later than 
on Tuesday, 8th June, 1920. 

The Directors do not bind themselves to accept 
the lowest or any Tender. 
R. H. WALPOLB, 


pring: & or as che 
even "o'clock a.m,, 


mecoy 4 's Offices. 
opthall red enue, BC, 2, 
London, 26th May, 1920. 








APPOINTMENTS OPEN 
HARRIS INSTITUTE, PRESTON. 





r Wome a full time Assistant 


TEACHER in P ome mag yee peers | 

te commence duties in September 
before 16th June — qualifications, na and 
Princip Scalar wi i why one the 
Princi “G 691 





. the 
and Four p.m. (except on 


uraaye). 

Tenders must be enclosed in the ne epacial eviews 

snegees SO pangass wih ae Schedule, and 

be posted so as to be with the u ed 

betore Tex om. on, Rednening, th Juve, 1920, 
will- 2 See ee 


The poder 
— id is furnished on the Company's Form 


and do not bind Ghamanienn bo acon the lowest 
any Tender. “ or 


nS e CRAWFORD, Secretary. - | in 
Terminus, Dublin, essential 
, 1920. G 735 





ahs TECHNICAL eenen, LOUGH- 
BOROUGH. 


H. 

A pp plications ar are Invited for 

the POSITION of LECTURER in the 
SS 


Engineering. 
Applicants a University Degree 
or i mtveles > 
its equivalent, i: < Seven 3 


ScHoFIELD, M.B.B., B.Sc., A.R.0.Sc., 
A.M.L.O.B., DLO., Principal. 





Commencing salary, £350 per annum. G72 


™ 





UNIVERSITY OF OF MANCHESTER. 
The Council ia ab is about to make 


wo Appo! mtments in the 
Cannel co ENGINEERING. Rach 
Assistant Lecturer and )emon- 

wing. 


ite are for three years, snd 
duties commence in gong pee 
Applications should not later 
2ist June, to the SECRETARY to the § 
from whom further particulars may be obtai, 


the 


than 
e1 mate, 





A plications are Invi ited 


ASSISTANT MASTER, H.M. DOCKYALRD 
SCHOOLS. 
the POST of JUNIOR Assis 


oe TANT MASTER in the above schoo!s 


Candidates should possess a University Degr 
Honours in Science or 
lent qualifications, and should produce evidence of 
successful teachi and. p uenanee in laboratory 
work. They must cally fit. 

“et pee ery taught in the schools are Mathema 

lied Mechanics, etism and Electric ity, 
Metallurgy, Mechanical Drawing and 


ary scale £180—210—£240—£15— £450. 

There is a War Bonus varying from £153 17 
for the minimum point on the scale 1; 
£261 7s. 6d. for the maximum, 

The selected candidate will be required to com- 
— his duties about lst August next. 

lications should be addressed to 

TH SECRETARY OF THE ADMIRAL TY (C.B.) 
- Whitehall 


ion, S.W. 1. 


ee ln 
Seana, ot have équiva- 


. 64, 
to 


G 157 
DARLINGTON BDUCATION COMMITTEE. 


TECHNICAL COLLEGE. 
Princigal—S. Mi. € M. Cavey, D.Sc. 


Applications at are Invited for 
the following POSTS :— 

(a) HEAD OF THE DEPARTMENT OF ELRC- 
TRICAL BNGINBERING, PHYSICS and 
PURE MATHEMATICS. Commencing 
Salary £350 r annum, rising by annual 
increments of £12 10s. to £400. Applicants 
are required to be Graduates of British 
Universities 
ASSISTANT LECTURER IN ENGINEER- 
ING. Commencing salary £300, rising by 
annual increments of £12 10s. to £350. 
Preference will be given to Graduates of 
British Universities with Practical Engi- 
neering experience. 

Further particularsand Forms of Application may 
be obtaified from the undersigned, to whom com- 
pleted Forms should be returned not later than the 
12th June, 1920.—A. C. BOYDH, Director of —— 
tion and Secretary.—May, 1 G 703 





(b 





GLAMORGAN EDUCATION COMMITTEE. 


APPOINTMENTS OF LECTURERS IN MECH- 
ANICAL AND ELECTRICAL bKNGINEERING. 


The Committee propose to 
A ppoint Two Travelling 
ECTURERS in mechanical! and electrical 


= respectively. Applicants must possess 
jal qualifications for teaching engineering and 
allied subjects. Successful candidates must devote 
their whole time to the duties and reside where 
directed by the Committee, and will be required to 

commence duties in Séptember next. 
Salary £250 per annum, risin, ng. by annual incre- 
with expenses 


ments of £15 to a maximum of 
according to scale. Regard may be had to previous 
full-time teaching ex ence in a recognised 
efficient school in assessing the commencing salary, 
subject in thecase of service under other Authorities 
to a limit of 10 years. Canvassing will disqualify. 
Applications, on forms which — be supplied on 
receipt “of a stam addressed foolscap enpelope, 
must reac the CHIBF EDUCATION OFFICIAL, 
County Hall; Cardiff, by the 18th June, 1920. G 749 


LONDON COUNTY COUNCIL. 





TECHNICAL ASSISTANTS, FIRE BRIGADE. 


A plications a are Invited for 
APPOINTMENT in the - -egneoae: of 
the Chief Officer of the Fire meatal 
(1) A Second Class TECH OAL. ASSISTANT 
(Section (a)), for the Bagincering Sub- 
section of the Inspection Section. Candi- 
dates must be under 26 years of age on 
8th June, 1920, They should either have 
taken a course in mechanical and — 
eering at a raining 
college, and should possess the iano 
certificates or diplomas, or should have 
received in some other way & Fs 
theoretical and practical training. Some 
— ence in a commercial firm or on 
cnginertn work under commercial! con- 
ditions would bean additional q aliBeation. 
(Ip A age classified TECHNICAL ASS ISTA 
in the Workshop Section. Se iiatas 
must be aye bend pee ears of age on 8th June, 
1920. They should have received a rec 
nised engineering education (theoretical), 
practical training as ~ geen or pupil in 
cngincecing. workshops, ctical 
im service with ‘tee com- 
bustion engines. 
The salaries are based on pre-war conditions and 
will be subject to temporary additions on the Civil 
—. S Set total commencing yearly 
2203 17s. 6d. for the 
and = 17s. 64, 
Section 


Particulars and forms of » tO 
obtained from the me OF THE gs 


8th June, 1920. Jams 
Olerk of tne London County Counc! 





¥ 
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THE DETERMINATION OF THE LOADS 
ON CRANE WHEELS. 
By E. L. Mowraanon, B.Se.(Lond.), A.M.LC.E. 

In the English text-books dealing with the design 
of cranes, little attention has so far been 
paid to the subject of finding the loads transmitted 
to the crane wheels. 

A method which is in fairly common use, but 
which does not lead to very satisfactory results, is 
shown by the following numerical example. 

Consider a crane mounted upon four wheels spaced 
as shown in Fig. 1. Let the weights of the super- 
structure and substructure be 25 tons and 15 tons 
respectively, and let the former act at a distance 
of 2 ft. from the crane centre. 

Then, with the jib lying across the wheel A, 
the load on that wheel is taken as 


2 + (25 x 50 x St) = 16.0 tons. 
i 8 6 


If, however, the total weight of the crane be 
taken as acting at the centre of gravity of the super- 


= 


rn ae ae 
40 le "| 




















(6175.A) 


structure and substructure, and the same method 

of taking moments is adopted, the load on A becomes 

5 3°75 _ ax, 

40 x } x == 15°625 tons. 

The discrepancy noted between the two cases is 

even more marked with certain dispositions of the 
load and spacing of the wheels. 

The problem is really statically indeterminate, 
but if the crane structure is assumed to be rigid, 
and the track level, it is possible, by employing a 
slightly different method of taking moments, to 
obtain identical wheel loads, whether the upper and 
lower portions of the crane are treated separately or 
combined at their common centre of gravity. 

Considering the case dealt with above, the 
25 tons weight of the top part acting at 2 ft. from the 
centre may be replaced by a load of 25 tons at the 
centre (making 40 tons total), with a 
moment 25 x 2 = 50 ton-ft. in the of the jib. 
By resolving this moment along the two axes, 
the following wheel loads are obtained :— 

A= sd + si + =) 15 tons, 


6 
40, 2/12 1.6 

Ba 4 , 25 (1-2 
“7+ F( 


+) = 10 tons] 


D= =) = 10tens 
Similarly, if the whole weight of 40 tons be taken 

as acting at the common centre of gravity, then by 

using the same principle the wheel loads become 








ans 2 (i+ o%)= 15 tons 


B= + (a _ 3) = 10 tons 


40 
= 
40 
; 


C= = +-—)= 5 tons 


6 
(i 0.75 
8 6 
4 40/1 __ 0.75 
dak Sethe iil 
which are identical with those found by treating 
the top and bottom parts separately. 

As the crane jib rotates, the centre of gravity 
of the whole crane and load describes a circle about 
the centre of rotation, and it is important to find 
the position of the jib which will produce the greatest 
load on any given wheel. 

If the load on wheel D be calculated for different 
positions of the jib and plotted radially along the 
i aineetion.-» curve la ohisined ae ehows in tie, 2. 
This curve is a load influence line for the wheel D, 
and it shows that the maximum load on D occurs 
when the jib is perpendicular to the diagonal A C. 

This can also be proved analytically as follows : 

Let the jib be at an angle @ as shown in Fig. 2, 
then by putting s=rcosé; y=rsin 6, the load 
on wheel D becomes : 

W , Wr/cos@ , siné 
rt a(t): 


) = 10 tons 


» OV 


675.8) Proportion of Load. 
where W is the total weight of the crane and load. 
This expression is greatest when 
cos 6 sin 0 
- oe = 
is a maximum, #.e., when 
d /cos@ 
Ts (= * 


sin *) ot. 
a 
i.e. when tan 6 = - 


Thus the position of the jib for maximum load 
at D can be found very readily by placing it per- 
pendicular to the diagonal AC. The jib positions 
giving maximum load on the other wheels can be 
found in a similar manner. 


If the value 6=tan “1+ be inserted in equation 


(1), we have the maximum load on a wheel given 
by the expression : 
Wi, Wr Jet + 
6 ws: oo 
The greatest value of r for all four wheels to take 
load (apart from considerations of stability) is 


ab ‘ P 
r lary in which case the maximum wheel 


load becomes Mf 


If the ratios and 5 be denoted by & and C, 
respectively, then the proportion of the total 


weight W carried by the most heavily loaded wheel 
is shown in Fig. 3. , 


» (2) 


F 


To ahtein. 0. ROTO. TAN Wate Bae 
value of k vertically to meet the curve, 
horizontally to meet the inelined line 
to the value of C. This latter 
indicate the maximum which is 
exceed WY, 

As an example, take the case of a crane 
four wheels ha @ wheel base of 10 
rail centres at 5 ft. apart. Let the weight 
whole crane and load be W and let the cen 
gravity be at 1-25 ft. from the crane centre. 


for this example the value of & is em and 


value of C = “ == 0-25. 


The ordinate corresponding to k = 2 meets the 
curve at the point P, and a horizontal line from P 
intersects the inclined line relating to C = 0-26 
at the point Q. This indicates that the maximum 
load on a wheel under these conditions is 0-39 W. 

If, as often happens when a revolving jib crane is 
mounted on a high gantry, the wheel base is less, 
than the distance between the rail centres, 
equation (2) and the curve, Fig. 3, can be made to 
apply by always a to be the greater and } 
the smaller of the two dimensions. 


Hi 


i 


? 
5F 


ak 
a 


4g 


FE 





It may also be noted that Fig. 3 indicates the 


10 


20 30 
Win 
Values of k= $ 





maximum load on a corner of a fixed crane mounted, 
on four supports. ’ 

Reverting to Fig. 2, it is useful to find the 
boundaries within which the combined centre of 
gravity must always lie to ensure that each of the 
four wheels bears load. 


Let the centre of gravity be distant 2 and y from 
the axes as indicated, then the load on wheel B is : 


TF (E44) 
This is zero when 


S44 4, be, when y ib (y-*). 


always lie within the figure ef gh for 
to carry load. 

The guehed, wand above veadieg Ge to ibe 
analagous to employed in “ core ” 
ofa section, and takes no account of the 
stability of the crane. 

Referring again to Fig. 2, if, with the jib in about 
the position shown, the centre of gravity falls 
outside the rectangle ¢ f gh, then the above method 





of finding thé ‘wheel loads does’ ob apply se, the 
\reralt, will be found negative load (i.., 
tension) at wheel B. happen unless 


ar Ais a 
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the crane carriage be secured by clips to the track, to the AC as found for the| Putting 

Sa Wjlih Uae eee wagdage ted teed 20D atl bs previous case, with the top part at the centre of the nobys 

tig pil to be taken Dy the elt, P+S=W; oO = ety tary 

‘To find the wheel s when one wheel, say B,| By putting in the values aad 
gab pd nie ener teres pdms , b Poa e . 4zy 
t can be shownm greatest at D occurs cos @ = —=——— and sin 6 = sin ¢ = ——— 

when the jib is perpendicular to the line A C, i.e., the ‘t+ Vat + Sobnp Haare 

same position as when all four wheels are we have the maximum load on we have for the maximum load on 

load. Then maximum load at D, by moments p= P+8 ae bl al Aer’ 4+ Spys+Pmys . 

about line A C « tr\e + Vvatat */at + be n 2>y¥ 
wit . A Wr/a@t+eh (3) which reduces to vt ae wi (Te + SS 

“p  @0088 ab F w. P i = +@= 2z¥ n 
The loads on the other two wheels are : Tt xen (Om+4 Vere). + © | which reduces to : 

Load at moments about line C D where W = P + 8, the same result as would have|w, 1 Pl ) 
err ) = ¥ (2 — rin ) been obtained had the top part and lower part beon | T Ezy ('°S? +?™) + -\/ ont a EHF } ( 
me nt. atest a eet taken together. ; 

Lt! ls In this case also the condition holds that for all| If the jib be parallel to the track as at TC in 

Load at C, by moments about line A D the wheels to be loaded, the centre of gravity must Fig. 6, by putting 6 =0 the load on each{of the 
= 2(5 —#) = Z(5-+rcose) fall within the figure ef g h. wheels A and B becomes : 

«\t a\2 The only type of crane that has so far been con- P+8, [se+Pc+m]. ae 
The sum of these wheel loads as found above| sidered is that ha two axles and four wheels, * 2zy¥ 


clearly equals W, and it can be proved that no other 





and the wheel loads found above may be taken to 


Fig.6. 








Special Cases of (5). 
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7 Fig.4. i. | 
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poe Oe lg 
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distribution is possible when three wheels ‘only 
support the load. 

If the limiting case be considered, where the 
centre of gravity falls on the line ¢ A and the load on 
wheel B just becomes zero, then the two methods 
given (i.¢., four wheels or three bearing load) will 
each show the same value for the maximum load 
on wheel D. 

So far only the very simplest type of crane has 
been considered, viz., that in which the centre of 
rotation of the top part coincides with the centre of 
the carriage. 


now the case where the top revolving 
part of the crane} is not centrally on the 
carriage, but is in a position such as T in Fig. 5, 
the combined centre of gravity of the top and 
the substructure describes a circle as the jib rotates 
but is not at any given instant in the same vertical 
ee ee ee 


Let 8 be the weight of the substructure and P that 
of the revolving part, with T as the centre of 
rotation distant m from the carriage centre. Let 
P act at 7 from T. 

Then if # and y are the co-ordinates of the com- 
bined centre of gravity measured from § as origin, 
we have, by taking moments about the lines eg 
and A f respectively : 

ow Pim+toond, y _ Pising 
P+8 P+8" 
from which guih ree 
m 
(o> FFs) += (555) 
giving the locus of the centre of gravity as a circle 


of radius rs and with its centre on the line Af 
Pm : 
figure, it is apparent that the radius of the circle 
described by the centre of gravity is always parallel 
te the direction of the jib. 
The load on wheel D 


zis + = (m + B08 0) +2 (isin). 
This is « maximum when tan 6 = ¢, i.e. with the jib 
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apply whether the crane is or is not mounted on 


Dealing now with the general case of a crane with 
any number of axles unequally spaced, the position 
of the jib for maximum load on a wheel may be 


found as follows :— 
Number of wheels = n. 
Let Y Y be a line 


ptrom YY. (Fig. 6.) 


Let T be the centre of rotation distant m from Y Y 
and P the weight of the revolving part and load 
acting at a distance | from T. Then with the 
jib in the position shown, the load on wheel A 
becomes : 


2Pisin @ 
nb 





P+8 . Spys , P(m+locos A) ys 
—. «6 3Sy 2s 
where 


twWevt+vwivs+vtw +... 


In ‘any particular case @ is the only variable, and 


the greatest load on A will occur when 


2sin 6 
nb 


yz cos 0 
2>¥ 
is a maximum, i.e., 


a 





427 





a 


tan @= 





nbys 






passing through the centre of 
gravity of the axles, and let S be the weight of the 
substructure acting at its centre of gravity distant 





A 


(a) Crane with four wheels, but top part not 
central on the carriage. 

Let 
ae ont 
wo aoe 


substituting these values in (5) we have : 
Maximum load on A 


n= 4; p=0; ze =2(5)'= 


Pl 

rad 

Pive+e 
2ab 


a Wu lh [Pme a 
T+y {fet + (200)? + 4 at / 


WwW ,Pm 
atat 


as equation (4) above. 

(6) Crane with four wheels and with top part 
central on carriage. 

Put Wr for Pi and m = 0. 
then maximum load on A 

_ WW, Wrath 
ry 2a6 
as equation (2) above. 

The equations (5) and (6) will apply to cranes 
mounted on springs, and involve the assumptions 
(a) that the crane carriage is rigid and (5) that the 
track is level. ; 

For a crane without springs it is clear that if the 
track is such that it can be taken as ing the 


same degree of elasticity at all parts, this will be 
practically equivalent to mounting the crane on 
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springs, and the equations (5) and (6) may then be 
used for finding the wheel loads. 

If the upper and lower parts of the crane be taken 
together by the method of Fig. 5, the co-ordinates of 
the common centre of gravity measured from Y Y, 
and the centre line of the carriage will be : 

Sp + P (m +1 cos @) 
Ww 





; and Pisin@ 
w 


Calling these x and y respectively, the maximum 





load on wheel A becomes : 
WwW, Weys 2Wy 
Psy ttn * oi 


which is a reduced form of equation (5). 
It should be noted that in obtaining the expressions 
(5), (6) and (7), it has been taken that all the wheels 
are bearing load. The figure within which the 
centre of gravity must lie for all wheels to be loaded 
may be found in a similar manner to that used 
for the case of four wheels. 

The equations of the boundary lines corresponding 
to e.f.g.h of Fig. 2, are in the present case : 

a bnq 
2 4 ay 

where z and y are measured from Y Y and the 
centre line of the carriage, and gq is the distance 


from Y Y of the particular wheel which will first 
take no load. 








RECENT MACHINE’ TOOL DEVELOP- 
MENTS.—No. XIII. 
By Joszpx Horner. 


THE spindles and bearings of machine tools offer 
a most extensive study in varied designs. The 


machine spindles must be sought either in the lathe 
or in the drilling machine—the old drill press. 
Parallel journal necks of small diameter, and 
abbreviated in length, invited the inevitable rapid 
wear. The capped bearings providing for take-up 
of wear could not secure permanent alignment in 
rapidly-wearing spindles. End thrust was taken 
on a point centre, or on a flat, in opposition to a collar 
making contact with the rear of the front bearing, 
causing the effects of expansion with heat to be 
felt over practically the entire length of the spindle. 
Long ago, the parallel divided bearings gave place 
in the smaller lathes, but not in the largest, to the 
solid coned journal bearings in which wear is taken 
up by thrusting the mandrel deeper into the cones. 
The latter were of hardened shear steel, taking 
the place of the gun-metal in the divided bearings. 
Many variations might be seen in the old coned 
lathes. The evil of seizing was not uncommon in 
heated spindles having journal cones of low angles, 
made of steel imperfectly hardened, and not lapped 
carefully. In these matters some firms achieved 
a much higher reputation than others did. In the 
earlier designs, the smaller diameter of the front 
cone came next the nose, which limited the diameter 
of the nose screwed to receive chucks, with corre- 
sponding lessening of the wearing capacity there. 
To avoid this reduction the direction of the front 
cone was reversed, bringing the larger diameter to the 
front, which entailed making the hinder cone in 
such a way as to take up the wear on that. This 
is effected by drawing the coned neck backwards 
in its bearing, lock nuts being fitted at the rear 
part of the mandrel, pressing against the rear of 





coned bearing there, pushing the bearing along the 
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high speeds employed in many cases, the absolute 
need for securing, and preserving accuracy of fitting 
and movements, both in circular and longitudinal 
directions, the necessity of providing against the 
effects of varying temperatures, the protection from 
ingress of dirt and, in the grinding machine spindles 
of the abrasives, the adoption of suitable means 
for the attachment of chucks, of work, or of tools, 
varying in dimensions and shapes, require an 
immense variety of adaptations and fittings, which 
must fulfil well-defined conditions. Suitable out- 
lines are necessary, appropriate materials, correct 
dimensions, balance, lubrication, readiness of attach- 
ment of accessories, often united with some auto- 
matic provisions—conditions that are not fulfilled 
in the same way in all the great groups of machine 
tools. They differ in the lathes, the automatics, 
the drills, the grinders, the gear cutters, the milling 
machines, and in the slow-running heavy spindles, 
and the small high-speeded spindles. And in 
addition, the views of designers, and firms afford 
examples of many variations in detai!s, 























\ 


(6266.E) 


HOS 
LLY) 





eliminated by the device of the double cone, 
major portion of the length was made with a 
angle, but it was backed with a short steep angle 
of 45 deg., in opposition to which the thrust of the 
tail pin was taken. Examples of this may still be 
seen, and in the absence of the tail pin. 

Fig. 265 is an old mandrel of small dimensions, 
in which the cones slope in the same direction. 
Both necks are held back, and adjusted in their 
journals with the three lock nuts behind the rear 
journal, in conjunction with the adjustment of the 
tail stop pin, that takes the end thrust, and which 
in opposition to the cone adjustments, effected by 
the three lock nuts, prevents the bearings from 
seizing. 

Figs. 266 and 267 show two standard necks, an 
earlier and a later one. The first has a taper of 
one in four, reckoned on diameter, the second, 
of one in six. The length L is one and one-third of 
the larger diameter D, which is too short for 
durability, according to t-day views. Fig. 
268 is a better design, provided the fitting is good, 
and means of readjustment perfect. It represents 
the standard form, when the cones are retained. The 
front cone has ite larger diameter facing towards 
the front, in order to have the screwed nose of the 
largest size practicable. The chucks abut against 
the collar to ensure accuracy of setting, and true 
running. A space between the back of the collar 
and the bearing leaves room for movement due to 
wear. Wear is taken up by the two lock nuts behind 
the rear bearing. This is conical, set in the direction 
the reverse from the one at the front. Its endlong 
adjustment is provided for by making it separately 
from the mandrel, over which it can slide on a 
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parallel part of the mandrel on which it is splined. | parallel length into which a sunk key is fitted to 
The cones are set in reverse directions. ‘To prevent|drive the journal neck. The adjustment of the 
risk of seizing, the pressure is relieved by a stop|lock nuts alone would not prevent seizing. End 
pin in the bridge at the back of the headstock. | pressure is therefore taken against the stop pin in 





Early Lathe Spindles—The prototype of all 


In many of the old lathes the risk of seizing was | the bridge piece, shown in section, which is secured 
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with pillar bolts at the rear of the headstock. 
The bush bearings at front and back are, for con- 
venience, fitted into parallel shouldered seatings 
bored in the headstock. 

There are several objectionable features about 
this type of mandrel which account for its present 
lessening employment in lathe practice. These are : 
its tendency to seize at high speeds, consequent on 
the absence of provisional adjustments for changes 
in temperature, which become more apparent with 
increases in length, the very unsatisfactory character 
of the lubrication, and slightly perhaps that the 
cones change in diameter with endlong adjustments. 


improved methods of lubrication of the journal 
necks. The old coned necks were merely supplied 
frequently with oil from a can through a hole drilled 
from the top: This crude provision alone is rarely 
retained now, but means are provided for prolonging 
and distributing the supply so that very much less 
attention is called for on the part of the lathe man. 

With some exceptions the hollow lathe spindles 
have parallel journal necks, a fact which, in associa- 
tion with the absence of a tail pin reduces the effects 
of rise in temperature since the spindles are nearl 
invariably tied at one end only, the remainder of the 





length being free toexpand. Adjustments are made 











tubrication. The result is that very heavy cutting 
is done, while wear, with the need for take-up is 
delayed. 

Fig. 269 shows one of the earlier forms of the 
hollow spindle design. The spindle, of steel, with 
necks hardened, runs in parallel bearings of hardened 
steel, ground, and lapped. Wear is taken up by 
closing the bearings on the journals, which is done 
with the lock nuts seen encircling them at front 
and rear, the bush bearings being split to provide 


y | the slight amount of elasticity necessary, and tapered 


on the outside to effect the closing-in when they are 





drawn through their seatings. The spindle, dating 
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But the greatest objection is the fact that the 
mandre! is solid. 

Hollow Spindles.—Probably the design in Fig. 268 
would have been more generally retained at the 
present time but for the introduction in America 
many years ago of the hollow spindle lathe for bar 
work. This at once entailed an increase in journal 
diameter, which was favourable to durability. 
Naturally, enlarged diameter was accompanied with 
an increased length, and this again favoured in many 
designs a return to the parallel divided bearings, all 
of which developments are now embodied in many 
lathes, in the smaller as well as in the heavier 
classes, and using, instead o* hardened steel, bear- 
ings of bronze or babbitt, and sometimes cast-iron 
in the largest. Further, the piercing a hole through 
the mandrel prevents the employment of a back 
centre, or a stop pin, as shown in Figs. 265 and 
268, for which some form of thrust collar has to be 
substituted, so that spindle design has been entirely 
remodelled in consequence of the innovation of 
the hollow form. Compared with the practice of a 
few years since, the spindles of the best lathes 
assume rather mammoth proportions. 

Associated with this, though not necessarily 
dependent on it, has been the employment of 
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with nuts encircling the ends of the bearing bushes, 
the outsides of which are conical to be drawn into 
their seatings, and so tightened on the necks, the 
bushes being split for the purpose. The spindles 
are adjusted at the rear end against friction washers, 
but in some later models, against ball races. From 
thence the whole length is free to expand, moving 
through the front bearing—a much better design 
than the doubly-coned bearings. This capacity for 
expansion is easily secured with parallel journals, 
and is more valuable in present-day lathes than in the 
earlier ones, becauee headstocks are of greater length, 
bearing lengths having been increased to from one 
and a half times to double the older proportions. 
With increased length, and enlarged diameters, the 
pressure per unit area has been greatly lessened, 
concurrently with vastly improved methods of 





before the ball-race era, is coerced at the rear end, 
where the thrust is taken on a steel collar, adjusted 
with the boxed ring nut which also forms a cap to 
afford protection from ingress of dust. Elsewhere 
the bearings are not protected as they are in the 
newer designs. Lubrication is better than that 
in Fig. 268, but is not the best. A narrow, encircling 
oil well is provided, with saturated strips of felt let 
into récesses cut in the lower portions of the bush 


Fig. 270 shows a variation on the previous form. 
The bush bearings are split in three places, nearly 
through at two locations, 120 deg. apart, and 
entirely through in the upper section. This split 


is closed at the ends with leather to form an oil 
reservoir. The bushis of babbitt, and is drawn 
along for adjustment with the ring nuts seen. 
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Figs. 269 and 270 are transitional forms, but are 
interesting so far as they indicate the trend of 
development. The lubrication is not perfect, the 
bearings are not protected, and the abutment collar 
for chucks is wanting. All these details have been 
the subjects of many variations in the hands of 
numerous manufacturers. 

The proportions of spindle bearings, and the 
outlines of the spindles are mainly empirical. A 
mandrel has to carry all its load on the nose, so that 
the theoretical outline has been supposed to be 
parabolic. But the belt pull, and the gear pressures 
are thrown on the body of the mandrel, whence it 
follows that some stresses have to be sustained by 
the rear bearing. Design and practice have evolved 
ever-increasing dimensions for both bearings, but 
always the front is very much larger and longer than 
the rear one. If a comparison were made between 
journal dimensions of twenty or even ten years ago 
with those now made, the difference would be rather 
striking. 

Fig. 271 is the spindle fitting of a lathe that has 
had more influence on development than perhaps 
any other single- innovation in lathe design—the 
Hendey-Norton. The cluster gears, not shown, 


Fig. 276. 
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many modern lathes. Oilers (not seen) outside the 
bearings at the front show the height at the time of 

ing. Each bearing has protecting hoods pro- 
longed at front and back to prevent escape of oil 
and i of dust. Oil thrown out at the ends 
drains back into the well. 

Screw Machine Spindle.—A section through the 
spindle of a Brown and Sharpe screw machine is given 
in Fig. 272, including the opening and closing 
mechanism of the collet chucks. This has parallel 
bearings at both front and rear. The end thrust is 
taken at the rear of the hinder bearing, where 
washers of hardened steel and phosphor bronze are 
adjusted by the encircling cap nut seen. The 
bea1_ags of phosphor bronze are adjusted with the 
nuts on each end. The front bearing is protected 
with long parallel hoods extending over its front 
and back ends, the first being secured with grub 
screws on the outside of the adjusting nut, the 
second being an extension of the nut there. The 
capped nut on the hinder bearing both protects 
it and adjusts the friction washers. Both bearings 
have a well reservoir and distributing channels. 

Heavy High-Speed Lathe.—Fig. 273 is the main 
spindle of a high-speed, all-geared, head by the 























again provision is made for alternating thrusts. 
Much of this improvement must be accredited to the 
better methods of manufacture of balls and races 
that have been adopted in recent years in response 
to the more stringent requirements of machine-tool 
builders and others. In the old designs the loosely- 
arranged circles of balls were mutually destructive, 
since they were in contact with one another as well 
as with their races. Nor were their sizes pro- 
duced within such fine limits as at present, with the 
result that the entire pressure might be concentrated 
on a few balls only, instead of being equally dis- 
tributed over the whole. Nor were the best results 
that were possible\secured by the selection of the 
most suitable alloy steel, with its most correct heat 
treatment, so precisely as they are now. Nor was 
the division between thrusts and radial pressures 
so carefully observed. If these older faulty con- 
ditions had not been ameliorated, the bal! races 
now becoming so common would have failed to 
come into use. 

Anearly method of fitting of a ball race to a lathe 
spindle, to take the thrust only at the rear bearing, 
is shown by Fig. 274, in this the method of fitting 
differs from that in Fig. 273. The race on the right 


Fig. 278. 
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have been appropriated and modified not only in 
myriads of lathes, but in other kinds of machine 
tools, with the object of avoiding the delays that 
are inseparable from the practice of changing 
trains of gears anew for every different pitch of 
screw thread. 

The spindle is hollow, and receives a draw-in 
collet chuck (not shown). The pinion seen at the 
rear is the one from which the gears for screw-cutting 
and feeding are primarily actuated. Coned bearings 
are fitted, facing in the same direction. The hinder 
coned bush fits with a driving key to the spindle. 
It is adjusted by turning the ring nut at its rear end. 
The outer nut which confines the pinion is used for 
efiecting end adjustments of the end play of the 
spindle, pulling in opposition to the collar and 
washer at the spindle nose. The ring nut at the 
front of the hinder bearing confines the cone pulley 
endwise, while permitting it to run freely on the 
spindle. The lubricating and protecting arrange- 
ments show a great advance. The bearings hold 
& large volume of lubricant, are self-oiling, and are 
well protected at each end. Each bearing has a 
large hole for the introduction of lubricant, and an 
oil well for its reception. A loose ring encircling the 
centre of the journal throws the oil up with each 
revolution—the “ ring-oiling” device adopted in so 





Britannia Company, of Colchester. The first motion 
sliding gears are included in the drawing. So far as 
the bearings are concerned this is representative of 
one of the types long in use for the heavier lathes, 
those namely with parallel journals and bearings of 
gun-metal or of close grained cast-iron, divided 
and capped. Since these are of large diameter 
and reasonably long, the wear is slow. The front 
journal has a steel collar shrunk on, to receive the 
abutting chucks, and this serves also to cover up 
and protect that end. An innovation here is a ball 
thrust. One half its cage is recessed into the flange 


of the journal bearing, the other half is maintained, 


in place with the lock nuts screwed over the spindle. 
The lubrication of the journals possesses no special 
features. The spindle, 4 in. in diameter in the 
front bearing, has a 2-in. hole through it. 

Ball Races.—In the light of recent developments 
@ very big advance was made when ball bearings 
were introduced for machine spindles. Used first 
for taking end thrusts only in place of washers of 
hardened steel, gun-metal, or phosphor bronze, they 
are now employed both for end thrusts and radial 
pressures. In some cases, the two are combined in 
one race, but only for spindles upon which light duty 
is imposed. Generally, separate bearings are fitted 
to receive the two classes of pressures. In some 











runs with the spindle, the one on the left is fixed, 
being pinned to the end of the outer adjusting nut. 

An advanced example is illustrated by the head- 
stock, Fig. 275, equipped with a combination of 
Hoffmann ball thrusts, and radial ball and roller 
bearings, the lathe being of 8} in. centres for heavy 
duty; its front spindle journal is 3} in. in 
diameter. The thrust is taken at the rear on two 
rows of ball races—double thrust washers. The 
central race fits in a recess in its encircling housing, 
in which it is secured by its faces, having clearance 
in the bore. The flanking washers revolve along 
with the spindle, to which the steel bush that holds 
the washers is fitted. Adjacent to these is the roller 
journal having inner and outer races fitting tightly, 
one on the spindle, the other in the housing, and 
secured endwise in the manner shown. The front 
journal is carried in very substantial roller bearings, 
which will sustain greater loads than balls of the 
same diameter could carry. The rollers are 1 in. 
diameter by 1 in. long, separated in brass cages. 
One of the races fits tightly on the spindle, the 
other fits tightly in a groove in the housing which is 
prolonged to form dust caps. Only the inner race, 
therefore, with the rollers, revolves. The provision 
for alterations in temperature is made by the 
freedom for longitudinal movements permitted by 
the sliding of the rollers within the outer race. 
The belt pulley is carried on two roller bearings, 
with inner and outer races secured tightly. Here, 
too, the rollers can slide longitudinally with changes 
in temperature. A ball race adjacent to the front 
roller bearing of the belt cones locates the pulley 
endwise, but carries no portion of the load, the outer 
race having clearance. The bearings are provided 
with a solid lubricant packed in the housings. 
These include the protecting caps seen, which are 
brought down closely to the revolving parts, with 
a very slight amount of clearance, and having 
annular ves. 

Thrust Collars.—There is one group of lathe 
spindles which has not been subjected to so great 
developments as those just noted. In the heaviest 
lathes of all, which run slowly, the journal bearings, 
as of old, are divided and parallel, of gun-metal or 
cast-iron, and the mandrels are often of cast-iron 
and solid. And the thrust is taken on collars in the 
rear bearing. The conditions of service are wholly 
different from those of the groups of smaller lathes. 
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Fig. 276 shows the mandrel of a heavy turbine lathe. 
The front journal is 15 in. diameter by 24 in. long, 
the hinder journal measures 11 in. diameter over the 
thrust collars, by 17 in. long. The bearings are 
divided brasses, the lower halves being semi- 
circular, the upper, “square.” The mandrel is 
adjusted endwise by the rear lock nuts. The face 
plate with its ring of teeth is a permanent fitting on 
the nose, being bolted on. The point centre is 
pushed out by driving a drift into the hole made at 
right angles in the mandrel. 

A method of lubricating bearings of the thrust 
collar type is shown by Figs. 277 and 278. A 
reservoir in the cap feeds distributing channels 
going to each collar. Waste lubricant is collected 
in the trough at the end. 

Small Bench Lathes.,—Passing to the other 
extreme in dimensions, Fig. 279 shows the headstock 
of a Pratt and Whitney bench lathe, with a spindle 
measuring | in. outside diameter, and having a hole 
pierced throughit. The bearings are reversed cones, 
each adjusted with a single protecting nut. The 
front bearing has the double cone previously 
mentioned—the greater portion of the length being 
made with a small angle, but backed with a steep 
angle of 45 deg. 





COLLISION DYNAMICS. 
By G. Grexnai.t. 
(Concluded from page 670.) 

18. Any lingering doubt in the mind of the 
careful thinker can be removed by the following 
simple exact geometrical method, which assigns 
close limits of the beat of a pendulum bob P, 
oscillating through a finite arc AO A’, on a circle 
of vertical diameter O E. The method is so easy, 
it may well replace the unconvincing appeal to 
simple (harmonic) vibration in the usual elementary 
treatment. 

The to and fro oscillation of P is compared with 
the continuous motion of a satellite point 8, in a 
complete circuit round a circle. 

Join E P cutting A A’ in R, and draw the 
ordinate RS of the horizontal circle on the dia- 
meter A A’, shown rebatted on the vertical plane 
in the figure (Fig. 8). 

The velocity of P is that acquired in falling freely 
the depth P K vertical below A A’. This is the one 
dynamical principle required, and the rest is geo- 
metry; and then 


(vel of Pi’ =29.PK = 29 ap. PA’ =ntAP.PA’ 


OE 
by Euclid VI C, and putting 5%, == n®, as before. 


Thus P reaches O with velocity n. AO, as required 
in the theory of the ballistic pendulum. 

From the similar triangles AR P, ERA’ and 
A’RP, ERA, 


AP _EA’_EA_PA’ AP.PA’_EAt 
an En ER RK” AR.RY ER 


Since EP, ER = E A®, and EP cuts the circle 
AP A’ and the straight line AR A’ at the same 
angle, 


vel. of R _ ER _ER 

vel. of P PP EAe’ 

(vel. of R)t = (vel. of ee 
ER wt. aAR.Ra. ZR 


=. ap.pa, BR 
EA 
and since A R.R A’= R S?* 
vel of Rea. RS.22, vel. of 8 = nw. DB. ER 
EA 


EA 
in the triangle of velocity DRS. 
The angular velocity (A.V.) of S is then n Ea 


round the centre D, fluctuating between the limits 
ED 
nand n Ei n 00s } a, 
if the thread oscillates to an angle a to each side 
of the vertical, and not the constant n./(sec a), 
as it would be if S moved round uniformly as a 
conical pendulum. 
Thus 


E At 


ER 


n> A.V. of 8> ncos}a, 


errs period of 8, the double beat < 


n 


2 F cc} a; 
n 


which proves that the beat of a pendulum in 





visible oscillation is always greater than m/n, and 
only undistinguishable from it when the oscillation 
is invisible. . 

And here it is only one step further to add the 
Elliptic Function statement of the continued 
motion of P; because the expression above for the 
angular velocity of S gives at once the angle ADS 
as Legendre’s ¢ = am nt of Abel-Jacobi, with 
modular angle $4 a, and 

DR=DA,csog?=DAcnnt, 
tan $@= tanjacnnt; 


ER=EAdnnt,OP=0A “"'. OAm(K—nbh), 
dnnt 


and the velocity of P is 


n.DA Rt _ n.OAcn(K — nb). 
dn nt 

These elliptic functions degenerate into the 
ordinary circular functions of simple vibration, 
called harmonic vibration in the text book, when 
a =0, and the oscillation is invisible, that is, 
cannot be observed. 

In the visible oscillation of a clock pendulum, 
the “circular” correction of clock theory, re- 
quired where the angle a is perceptible, but ignored 
generally in the text-book, is obtained in the usual 








practical formula if we take the true beat as the 
geometric mean (G.M.) of the two limits assigned 
above, and then the invisible beat is increased by 
the factor 
¥ (seo $a) = (1 — sin® ga) # 
practically 
1+?sin® ja 
so that the circular correction is 
1 /OA\e 1 (/AA’\2 
testse= = (G3) = ie (Ea) 
in which E A is practically 21; or if the pendulum 
is swinging through D®°, the circular correction 
amounts to one beat lost in 4 cosec® } D beats, or 
57-3) _1210,000 + De. 
‘ (5)! 8°; po 
This is 3,600 for D = 7° -64, or 1 second beatin the 
hour, observable by the method of coincidences, 
described in “‘ Matter and Motion.” 

In the Hope-Jones synchronome clock, the self- 
regulation is carried out by the circular correction. 

The circular correction for a conical pendulum 
would be obtained from 

n/ (008 a) = (1 — sine ayt 
or 
1 — }sinta 
meaning one beat gained in 4 cosec* a beats, or 
52,600 = D*; and this is 3,600 for D = 3°-82. 

In a clock an increase of the weight will cause the 
pendulum to swing through a larger angle, and the 
clock will lose. 

In another method of exact treatment of pendulum 
motion the circle is described, centre O, hA 
and A’, and E P is produced to meet it in T, and the 
motion of the satellite point T is examined, and the 
fluctuation of its velocity in going round the circle, 
and its limits ; and thence the limits of its period, 
and of the period to and fro of the pendulum 
between A and A’. 

In the exact solution of the motion of T by the 
elliptic function and its comparison with the motion 
of 8S, a quadric transformation, so-called, arises ; 





but this would take us too far at present, and we 
leave it as an exercise for the careful student. 

19. Ballistic pendulum: this was invented by 
Benjamin Robins, 1740, for measuring the velocity 
of a bullet, receiving the impact on a heavy body 
suspended as a pendulum, and diluting the velocity 
in the same momentum distributed in a greater 
weight. 

In its origina] form the ballistic pendulum swung 
back bodily in rotation about a horizontal axle, and 
a knowledge of its weight, preponderance, moment 
of inertia, centre of oscillation and percussion was 
required in a reduction of the experiment. 

But this complication is avoided if the pendulum 
block is mounted to recoil horizontally, always 
parallel to itself; suspended freely by wires, which 
should be arranged on the Five Point principle. 

None of the textbooks describe this application of 
Lord Kelvin’s principles of Geometrical Fit, and the 
block is shown usually with a redundant number of 
suspensions, eight in the Hicks ballistic pendulum. 
The true principle was first used by Mr. A. Mallock, 
and described in the Proceedings of the Royal 
Society, November, 1904. 

The block, a wooden sleeper or iron rod, should 
be suspended fore and aft by two pair of wires 
AB, AC, fastened to staples, A, on the top of the 
block, and splayed out; and then, to prevent 
racking action and to allow only the direct recoil 
motion, a fifth wire B D is fastened to a bar AD, 
levered out sideways, and weighted to give pre- 
ponderance enough to keep all the wires at prac- 
tically the same tension, as seen in the end view of 
Fig. 9—three wires in front, the other two behind. 

In Bertram Hopkinson’s experiments for deter- 
mining the duration of impact of a bullet, the 
wooden sleeper is replaced by a steel cylindrical rod ; 
and from a knowledge of the velocity of elastic 
longitudinal waves in the steel, about 17,000, f/s, 
the length of the rod could be adjusted so as to trap 
all the energy, and leave the rod in motion without 
internal vibration (Phil. Trans., November, 1913). 

Suppose the block or rod weighs W Ib, and is 
free to recoil with each particle on a circle of radius 
l, and a bullet weighing w lb is fired direct at it 
with velocity v, f/s, and shattered by the impact. 

The block recoils with equal momentum, but the 
velocity is diluted to V, such that if the static 
thrust of the blow is F lb acting for t seconds, 


Fou W.. = o2., cod. 
g g 


A point O on the block will recoil to A, a distance 
O A, where, as shown already, 


V=n2.0A, v= W 4n.OA, n= J+ 
w l 


But as 1 is difficult to measure, it is inferred from 
the time T of a double beat of the pendulum ; keep- 
ing the pendulum swinging by a timed push and 
counting the number N in a given interval, say 
1 minute, and then 


60 1 Q2Q7 W 27 
— =T=_ 2 ya ets wae Gta 
N r/> POA” w T 


Thus a tape drawn out from O to A may be 
graduated uniformly to measure v, at a scale 
. + z in. per unit f/s of velocity of the bullet. 

During the impact the block recoils with average 
velocity $V through a distance 





In Hopkinson’s experiment the bullet behaves as 
if plastic-fluid; the particles escaping sideways, and 
the bullet crushes up with average velocity 
$(v + V); and if the length of the bullet is 6 feet, 


2 : ‘ 
sa aies mind Ss) sTa(E+1) 3 
from which F is inferred, 


3 
raw(2 41) 3S 
w 


Replace the plastic bullet by another length of 
rod, in end contact, and suspended by equal five 
point suspension, for an experimental study of 
elastic impact of rods. 

20. Suppose two such lengths, a and na, of steel 
rod are mounted with equal five-point suspension 
in contact, end to end, and the length a is drawn 
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aside to impinge with velocity V. It will be reduced 
to rest by the impact, and the second bar will start 
to move by successive advances of the ends, in cater- 
pillar action, with velocity V for intervals of time 
2a/U, and intervals of rest 2(n—1)a/V, U denoting 
the velocity of tho elastic longitudinal vibration in 
the rods (Thomson and Tait, “‘ Natural Philosophy,” 
sec. 304). 

Thus if »=1, the second rod takes up the 
velocity of the first, and the impact is as if perfectly 
elastic, between springs of no inertia. 

A similar action can be observed in a train with 
spring couplings. Two or three empty carriages 
allowed to strike the terminal buffers at a platform 
are observed to rebound, and then strike again. 

In a recent slight railway accident, where the 
train appeared to be slowing down too much to 
reach the terminals, the release of the engine brake 
made the head of the train appear to leap forward, 
the rear being retarded. The air brake was then 
applied too hard, the wheels skidded, and the train 
came bump into the buffer stops. In this case the 
retardation of the engine brake had caused the 
buffers to be compressed more and more towards 
the engine, and the release of the brake allowed a 
resilient elongation wave to ensue in the train. 

With carriages of equal weight W, the preceding 
expression for the time of impact, compression and 
restitution becomes t = r x/ (¢ Fr) so that, with 
carriages of length c feet, a longitudinal wave appears 
to travel along the train with velocity 


eas g F 
a oe /( a 7) 
If the train in variable compression is assimilated 
to a continuous steel rod, compressed not uniformly 











48 usual, W is given in pounds, but B, P, in grains, 
the formula changes to 
- ({Bt+cP v\t 
(sa0-w 5)? * 


The factor c is empirical, and depends on the 
nature of the powder in its blast of setting the air 
in motion near the muzzle. Each brand of powder 
requires its own ¢ to be determined by experiment, 
and ¢ may vary from 0-5 to 1-0 and over. 

Thus, for example, in a service rifle, with W = 9b, 
B = 215, P = 32 grains, and c = 1-125, c P = 36, 


B+cP = 252 grains, ><? = + and with 


1,000 
V = 2,000, f/s, H = 1 ft. But if v is raised to 
2,440, f/s, H = (1-22)? ft, say, 18 in. 

This theory will serve for showing off indoors the 
effect of the recoil, without firing off the rifle, but 
only letting it drop on the toes, from a height 
gradually increased. But the physica] impression 
of recoil is unknown till the condition of surface is 
specified in contact with the butt of the rifle, such as 
the position in firing and the thickness of the coat. 
When it is asserted a gun kicks more in summer 
than winter, it implies that there is less thickness 
of coat as a cushion for the butt. 

We read in “ Aviation, 1917,” of a 12-pdr gun, 
weighing 100 Ib, fired from the shoulder, to be used 
up in the air on a flying machine or airship, a 
problem in invention, to design a non-recoil gun of 
that size. The gun must fire simultaneously a 
double charge, out at each end, to neutralise the 
momentum. 

22. The above is the formula employed after the 
bullet has left the muzzle, but during the passage of 
the projectile up the bore of the gun, as in Fig. 10, 
the weight P of the charge of powder must b, 











Fig. 9. Fig.10. 
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but with intensity as the distance from the rear 
free end, the release will cause a wave to travel out 
of it, as if it met its inverted reflexion in the front 
end, wiping out the end thrust. 

Similar considerations arise in the bore of a gun, 
with the axia] variation of the pressure and density 
of the powder gas. 

21. In shooting at a stout wooden block the 
bullet is embedded; and if it penetrates a feet 
against an average resistance R, Ib, in a time ¢ sec, 





Bem Wwe oe Ww 2 oe w27r-0A 
g g W+w g gT 
Ra= K.E. liberated, as before in B, ft-lb, 
Ww v2 Ww ve 
an! onde an GnexnGee. siete 
W+w 2g “a +s, 
Ww O Ag Ww 272.0A8 
= (W ou O20: onml 
—~ + w) aT Sw + ™) Tt 
Then by division R is cancelled, 
‘gisele aes bee a 
a W+w 7.0A T Ww 7.0A'° 


during which time ¢ the block recoils, with average 
velocity $V, a distance 
1¥saw ee 
R 29 W+w 


Shooting a bullet up the bore of a rifle is this 
dynamical operation in reverse order, with a the 
travel of the bullet through the bore, v its muzzle 
velocity and V the velocity of recoil ; thence R can 
be inferred, the average propelling thrust on the 
bullet and the effective pressure of the powder. 

Denoting by W, B, P the weight of rifle, bullet 
and charge of powder, the rifle recoils as if let drop 
a height 


H = 


ft. 





heat (F +cP vw 
29 Ww pi 

Here W, B, P, required to be specified in the same 
unit—pound, ounce, dram, grain, gram. But if, 


y ft, taking g = 32, f/s2, 





shared between the weight W of the gun, and w 
of the shot. 

Reckoning W, w, P, all in tons for a large gun, 
and assuming the density of the powder gas uniform, 
the velocity of the centre of gravity of the charge 
is $(v—V) forward, when the shot is advancing with 
velocity v, and the gun recoiling with velocity V. 

Then if X is the average thrust in tons of the 
powder on the base of the bore, and Y on the base 
of the shot, during the ¢ seconds of movement, 


Xt—WT vs = w, 2 (X—Y)i= PiO— 9), 
g 


v na 
(W+4P)V = (w+ $P)2, oat? W+iP' 
true also for any variable X and Y; and if the gun 
has recoiled x feet while the shot has advanced 
y feet, a distance z + y =/ feet up the bore, in 
t seconds, 

x ian y oa I 
w+hP W+ie WHwtP’ 

The average powder thrust, X tons on the base of 
the bore, Y tons on the base of the shot, is given by 














= Wo a tetP wl 
292 w+%P 2g 

vy a o.%. a W4+er? wo. 
29y W+%4P 2gl 


and X, Y, are divided by } d* to give the powder 
pressure, in tons/in®, for a calibre of d inches. 

The gun must be made strong enough to resist 
the maximum powder pressure, so that the science 
of the powder maker is directed to keeping the pres- 
sure as uniform as possible; and then the gun 
maker can dispose of the metal to the best advan- 
tage, as in the ideal shape of a pea-shooter or 
pneumatic gun, instead of the chubby, corpulent 
shape, of the old muzzle-loading Woolwich infant. 

23. If the thickness of the block is not enough to 
stop the bullet, but the block is perforated and the 
bullet passes out with velocity u, 





. re ve ue 
Re= aS a ee 
and R must be determined experimentally by 
measuring the penetration c of the bullet, fired 
into the block held fixed, so that Re = wy 

Then by the solution of these simultaneous 
equations a quadratic arises, and we find 





RemwW. = wl", 
q 9 








2 semy fi (4) E] 
v Wiw 
pera 


J (4 HE) 
And we notice that V is small compared with » 


and wu. 
The average velocity of perforation being 


getesmmirtie W[I-(4m)5] 


the time of perforation is 
2a 


1 
ery Cee 
te 1—/[3- (1+) ] 
uv 
(+ wy) 
To interpret the second root of the quadratic, it 
corresponds to the case where the bullet was received 
in a prolongation of the block, and ejected again by 


the continuance of the resistance R; and then the 
equivalent of Newton's coefficient of restitution is 


w\a 
VO-(0+ He]; 

It is asserted in Moseley’s “ Illustrations of 
Mechanics,” 1839, that a tallow candle can be fired 
from a guirr through a barn door. The incredulous 
experimenter found that a small bit of the candle 
did certainly find its way through, but he was 
bespattered by the rebound of the bulk of the 
tallow. So, too, in model armour plate experiments, 
imitated by firing a bullet through wet clay, it is 
prudent to keep a safe distance. 











Tae Socrery or Cuemicat, Inpusrry.—The medal 
of the Society of Chemical Industry for 1920 has’ been 
awarded to Monsieur Paul Kestner in recognition of his 
distinguished services to chemical industry. The medal 

i , and the recipients in recent 
years have been t ight Hon. Sir Henry Roscoe 
(1914), Mr. C. F. Cross (1916), Sir James Dewar (1918). 
Monsieur Kestner was born in Alsace prior to the German 
occupation in 1871; he was one of the chief founders 
and the first president of the Société de Chimie Indus- 
trielle in France, which was established in 1917. He 
has been connected with engineering as applied to 
chemical industry throughout his career, and among his 
more notable achievements are the use of forced draught 
in acid towers, automatic acid elevators, the clim 
film evaporator, the scaleless water-tube boiler, 
several inventions in connection with beet manu- 
facture. Very shortly before the armistice, Kestner 

‘ve an address of great interest and importance to the 
| pate Section of the Society on “The Alsace Potash 
Deposits and their Ecénomic Significance in Relation to 
Terms of Peace.” 





DEVELOPMENT OF THE HotzwarTH Gas TuRnsInE.— 
E i te with the rep turbine of Holzwarth, 
built by Thyssen and Co., of Milheim, were interrupted 
by the war and only resumed in 1918. But the research 
ro comtags Coase Weela Ss the presence of pelbouy Onghmoeee 
to conduct some in the presence 0: way 
from Berlin, in which about one-third of the theoretically 
realisable heat energy seems to have been utilised ; the 
fuel was coke-oven gas (Zeitschri, eo Vereines Deutecher 
Ingenieure, February 28 last). The turbine was of the 
vertical t: ; ® horizontal arrangement is in future to 
iadeneele In the researches the explosion pressure has 
been raised up to 12 and 14 atmospheres absolute, while 
the expansion period has, in order to reduce heat losses, 
been reduced to 0-1 egg mealies  o 
engine, but still | by com m wit op connatinn 
motor. Tho consipantion 00.8 blades had to be altered 
materially to stand the explosion pressures. The blades 
are made each in one piece like a Laval blade, and the 
material selected after many trials, is a soft electrolytic 
iron, tested at 450 deg. C.; various alloy steels did not 
answer, whilst the new blades look perfect after several 
months service. The nozzles are nearly cylindrical as 
in Laval turbines ; the valves required snodihension. 
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ONE-PIECE GUN CONSTRUCTION. 


In a paper recently read before the American 
Institute of Mining and Metallurgy, Professor P. W. 
Bridgman, of Harvard, who is famous for his 
experiments on water and other bodies under 
extremely high pressures, described an experiment 
in one-piece gun construction carried out under his 
direction by the Naval Authorities of the United 
States. The gun in question had an internal 
diameter of 3 in.; it was 23 calibres in length, and 
was made from a single forging. Were the mathe- 
matical theory of elasticity directly applicable to 
gun stresses such a single piece gun should be-very 





.. Pressure is transmitted 


General assembly view. Pressure is produced ios oO 
: - 


Fig.2. 


WM 





" 1 
WM 





Details of packing plug of cylinder. Piston P pushes 


plug toward liquid at L. A is soft steel, B solder, 
© soft rubber, D hardened steel. 2 is unsupported 
area back of the plug. 


much weaker than a built-up or wire wound gun, 
but as is well known the elastic limit of a material 
frequently constitutes in practice but a very in- 
different criterion of strength. By giving a cylinder 
an initial stretch before employing it in service its 
strength can be very greatly increased. This has 
long been known, and Professor Bridgman notes 
that the Austrians, so far back as the eighteenth 
century, attempted to increase the practical 
strength of their guns by forcing an expanding steel 
mandrel through the bore. In the United States 
Navy experiments, the stretching was effected by 
hydraulic pressure, the arrangement being as illus- 
trated diagrammatically in Fig. 1. Here the gun 
is represented at G. The length of the bore under 
treatment is plugged by packings, the construction 
of which resembles that illustrated in Fig. 2, which 
will be described later on. A small hand pump H 
was used for filling the gun and raising the pressure 
up about 20,000 Ib. per square inch, and this pres- 
sure was subsequently raised to over 90,000 Ib. per 
square inch by means of an aigmenter consisting of 
a cylinder C and a plunger P placed between the 
platens of a large testing machine. The fluid used 
for transmitting the pressure was kerosene. Other 
fluids are liable to give trouble by solidifying under 
extreme pressures. The intensity of the pressure 
was measured by the change in the resistance of a 
coil of manganese wire immersed in the fluid. 
The plunger P of the augmenter was of glass 
hard tool steel, and the joint between it and 
the cylinder C was made tight by the packing 
illustrated in Fig. 2. This packing it will be 


seen consists of a plug K with a stem of smaller | tioned, the 
Around 


diameter. the stem are the 





connecting pipes to interior of gun @. 
resistance cage. Initial pressure is produced-by hand pump H. 


soft steel, whilst B and B denote rings of solder 
and C a ring of ordinary soft rubber, whilst D is a 
ring of hardened steel. The end of the stem of the 
plug K is cut off so as to leave a clear space between 
it and the end of the plunger P, thus providing for 
the compression of the packing as the pressure rises. 
The packing is, it is stated, tight under extreme 
pressures, but its friction is considerable. During 
the process of applying hydraulic pressure the in- 
crease in the outer diameter of the gun was measured 
at intervals and these strains were then plotted 
against the corresponding pressure as indicated in 
Fig. 3. On a first application of the pressure there 
was, as will be seen, no proportionality between 


Cc 


pushing piston P with heads of testing machine 7.3 
Wires R are connected to manganin { 








20 30 40 

Pressure 

© First application of pressure to the breech. The in- 

crease of outside diameter (ordinate) is shown in 

inches against the internal pressure (abscissa) in 
thousands of pounds per square inch. 
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Fourth hopes of pressure to the breech. The in- 
crease of outside diameter (ordinate) is shown in inches 
against the internal pressure in th ds of pound 
per square inch, 

stress and strain, but after repeated applications 

approximate proportionality is attained as will be 

seen from Fig. 4. Here the points observed during 

the release of the pressure lie approximately on a 

straight line. 

The deviations from the straight line law are 
attributed to initial stresses in the forging which 
can only be eliminated by repeated applications of 
high pressures. After this hydraulic treatment the 
gun was finished and tested with proof charges, the 
results being highly satisfactory. Nine rounds 
were fired with charges developing a pressure of 
21-8 tons per square inch, the service pressure 
being 13 tons per square inch. As already men- 
i is not new, and in our issue of 
page 306, Professor John Perry 





March 12, 1915, 





packing rings. Of these those lettered A are of 


described a very similar series of experiments made 


‘ 





under his direction first at Elswick and later else- 
where. Here, as in Professor Bridgman’s experi- 
ments, the cylinder under treatment had a bore of 
3 in. Its external diameter was 10 in. and it was 
subjected to gradually increasing hydraulic pres- 
sures up to 40 tons per square inch and withstood 
subsequently the firing of a charge inside it develop- 
ing a pressure of 52 tons per square inch. 

During the hydraulic treatment the cylinder was 
heated by gas jets to such a temperature as to pre- 
vent the metal hardening under plastic flow. 
Moreover, Professor Perry gave a theory of the re- 
sistance of such cylinders by which he claims that 
it is possible to calculate beforehand their strength 
under internal pressure. For this we must refer 
our readers to his article loc. cit. supra, but the 
interesting point comes out that according to his 
theory its tensile stress is highest at the exterior 
surface of the cylinder. On the ordinary elastic 
theory the tensile stress is highest at the internal 
surface, but as a matter of fact thick cylinders 
under pressure never do fail at the inner surface 
but always at the outer. 





CITROEN GEAR FOR ELECTRIC 
LOCOMOTIVES. 

Tue Oerlikon Works Company introduced, a few 
years ago, an alternating-current, single-phase, series 
traction motor, designed by Dr. Behn Eschenburg 
and Engineer Schirlin. A first trial of a low power 
locomotive fitted with two 250-h.p. motors of this 
‘ype was carried out in 1907, on the Seebach- 

ettingen line, near Zurich, with a view to ascer- 
taining the behaviour in actual working conditions 
of the type of motor, what influence, if any, the opera- 
tion of a line on single-phase high-pressure (15,000 
volts) currents and low frequency (15 periods) might 
have on the neighbouring telegraph and telephone 
systems, and to remedy any inconvenience that might 
arise. Following u a series of trials, the Oerlikon 
Company built, in 1910-11, for the Bernese Alpine 
Railway Company, a locomotive, No. 121, for com- 

titive experiments with one built by the Allgemeine 

ktricitéts Gesellschaft, No. 101, which latter was 
fitted with repulsion motors. At that time, the 
Loetschberg Railway was in course of construction, 
and the tunnel not yet built, but the Bernese Alpine 
Railway Company had purchased, on June 29, 1907, 
the Spiez-Friitigen line, 13,500 m. (8-3 miles) in 
length, then worked by steam, a line which was to form 
a section of the Loetschberg Railway. The trials of 
the two locomotives were appointed to be run on 
this section, the final electric equipment of which 
was therefore carried out, the current supply being 
taken from the power station at Spiez. loco- 
motive in question of the Oerlikon Company, had two 
motor bogies, each one having three driving axles all 
connected by coupling rods to a common intermediate 
shaft which was driven by Citréen gear. It was in 
view of this trial locomotive that the problem of gear 
transmission was referred to the Citréeu Gear Com- 
pany by the Oerlikon Company. The results were 
satisfactory from every point of view, and compared 
most favourably with those given by the German 
locomotive; this latter had to be set aside before 
even it had undergone the full series of trials, for 
though it had no gear transmission, its efficiency 
was far below that of the Oerlikon locomotive. Further, 
the current required by its repulsion motors on 
starting was so large that it greatly interfered with 
the smooth running of the power stations. 

Following upon these trials, the Oerlikon Company 
designed, towards the end of 1911 and in agreement 
with Mr. Thomann, chief engineer of the Loetschberg 
Railway, a new type of locomotive having five driving 
axles, two motors, two transmissions by gearing and 

ing rods, and two ing axles, a certain number 
of which engines were built for the regular service of 
the railway, both by the Oerlikon Company and 
Messrs. Brown, Boveri and Co. All the gearing for 
these engines, 14 in number, numbered 151 to 164, was 
manufactured by the Citréen Gear Company. During 
the war, other locomotives were ordered by the railway 
company, but owing to their war work for the French 
Government, the Citréen Gear Company was unable 
to supply the gears for these other units; the required 
gearing was accordingly manufactured by a German 
company who had, two years previous to the war, 
acquired a licence from the Citréen Company and who, 
after the recission of the contract continued, notwith- 
standing, the manufacture of the gearing. 

With respect to the trial locomotive No. 121 above 
referred to, which was described by the Elektrotechnische 
Zeitschrift, and in a pamphlet by Mr. Thomann, the 
— to be transmitted gearing was 1,000 brake 

rse-power at speeds of 550 r.p.m. and 169 r.p.m., 
corresponding to a travelling speed of 42 km. (26 miles) 
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per hour, with wheels 1-300 m. (4 ft. 3} in.) in diameter, 
the maximum speed being 920 revolutions at the 
motor and 70 km. (43-5 mi ) per hour on the track. 
The gearing had the following dimensions :— 
Pitch circle diameter. 
447°:04 mm.=1ft. 5gin. 1,452°96 mm =4 ft. 9, in 
Number ofteeth.. 32 104 
Diametral pitch .. 13970 mm. 
Width = .. oe 250 mm. = 9}7 in. 
In this engine the pinion is keyed on the rotor shaft 
and the wheel on the intermediate shaft which is fitted 
with the two crankplates. The pinion is of torged 
steel having a tensile strength of 70 kg. to 75 kg. per 
square millimetre (44-44 tons to 47-62 tons per square 
inch) and 12 per cent. to 14 per cent. elongation; the 
wheel consists of a forged steel rim having 60 kg. to 
65 kg. (38-09 tons to 41-27 tons per square inch) 





and 70 km. (43-5 miles) on the track. The gearing 
is of the following dimensions :— 
Pitch circle diameter. 
668'569=2 ft. 2, in. 1,491°428 —<4 ft. 113 in. 
Number of teeth. . 52 116 
Modulus .. “ 
Width = se. <e 


These gears were built exactly like those for the 
locomotive No. 121, and of the same materials. The 
trials of the latter locomotives took place in June, 
1913, on the completed railway, and they were con- 
tinued in actual service os all the summer, as each 
locomotive was delivered at Spiez. The trials showed 
that the worki of the gears was perfect, their 
efficiency being at least as high as that of the locomotive 
No. 121. But the actual service being that of an 
international railway, the commercial speed attained 


12°8571 
250 mm. = 9}9 in. 

















meter, an instrument which allowed of measuring at 
the axle-boxes, vertical accelerations up to 80 m, to 
85 m. per second, equal to nine times acceleration 
of gravity. The vibrations were so serious that 
they led in some instances to fracture of the coupl 
rods; these latter were subsequently 4 
The reason for the vibrations, which arose no doubt 
resonance, could not be directly deduced from 
ni ee one Dee sane One. Oe: eevee, Slee 
puzzled the engineers in charge. One causes 
the resonance had certainly to be looked 
for in the inevitable play of the crank-pin and omen. 
oe 2 eee narengerenn ote © in 
the case of steam locomotives and uires careful 
attention. The play in the bearings, w it exista, 
has in itself an influence which is constant and is inde- 





pendent of the speed; this influence becomes serious 
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tensile strength and 16 per cent. elongation, shrunk on 
a centre cast in steel, the latter being pressed on the 
intermediate shaft. The peripheral speed at the teeth 
is therefore 12-84 m. (42 ft. 1} in.) per second at the 
normal travelling speed of 42 km. per hour and 21-40 m., 
(70 ft. 2} in.) per second at the maximum travelling 


8 

The locomotive No. 121, put on the line in 1911, 
is still in service. During the trials on the Spiez- 
Friitingen line, the speed did not exceed 40 km. 
(24-8 miles) per hour, since the track was built 
with comparatively light rails; the line was put 
down as a secondary line, for steam traction, and 
was maintained as such for a certain time after the 
opening of the complete railway, the other portion of 
which was built with rails of heavier section. Inde- 
pendent tests, however, were also made at a speedup to 
70 km. (43-5 miles) per hour. The —_— always 
acted satisfactorily, and the only trouble occurred 
had reference to a certain di of ing round 
curves when the speed was between 40 km. 70 km. 
(24-8 miles and 43-5 miles) per hour, a difficulty which 
is easily explained, seeing that on each bogie, the 
greater mass of the motor on each particular bogie is 
outside the bogie pivot with reference to the centre of 
the machine. The mass of the motor had a tendency 
to maintain the bogie in a line following the tangent 
to the curve, instead of tending to trim it for guiding 
it in the curve. 

On the locomotives Nos. 151 to 164, the power to 
be transmitted is 1,250 brake horse-power for each set 
of gearing, at the of 450 r.p.m. and 202 r.p.m., 
corresponding to 50 km. (31 miles) per hour, the Is 
being 1-350 m. (4 ft. 5 in.) in diameter on the tread ; 
the maximum speed is 630 revolutions for the motor 











50 km. (31 miles) per hour, notwithstanding the 
rather heavy ts, and the maximum was 
maintained at 70 km. (43-5 miles) per hour. : 

It was under these conditions that a somewhat 
strange phenomenon was noticed ; rather heavy vibra- 
tions occurred when the was between 39-5 km. 
and 40 km. (24-5 miles and 24-8 miles) per hour, they 
reached their maximum between 40 km. and 4] km. 
(24-8 miles and 25-4 miles) and disappeared when the 
speed was between 41 km. and 41-5 km. (25-4 miles 
and 25-7 miles) per hour, and did not reappear at 
speeds above the latter figure. The same phenomenon 
occurred during slowing down, and was maintained so 
long as the s remained between 39-5 km. and 
41-5 km. (24-5 miles and 25-7 miles). 

The trouble at first was thought to be due to an 
inaccurate division of the teeth, but such a supposition 
was inadmissible, for had that been the case the 
oscillations would have increased between the speeds 
of 41 km. and 70 km. in proportion to the square 
of the speed. Following this, experiments were 
carried out by engineers of the Citréen Gear Company 





in November, 1913, using the Auclair absolute 
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only when it is amplified by resonance, i.¢., when 
another, periodical cause is added to the first. This 
second cause, by the very nature of the phenomenon, 
has a fixed, invariable pened, which ds 
precisely to the speed of 40 km. to 4] km. per hour ; 
it is of a necessity a pendular oscillation of duration 





71 tel »/ i, where f is the elastic deflection, under the 


influence of a fixed load, in a mechanical part which is 
liable to vibrate. The mechanical part in question 
remained to be found. Mr. Buchli, in the course of 
an article which appeared in the spring of 1914, and 
was based upon some labo tests, states that the 
elastic torsion of the motor shafts, axles and inter- 
mediate shaft comes into play. 

In order to get rid of these oscillations, it was 
decided in es 1913, highoas a trial with worn 
gear wheels, namely, wheels having a rim capable of 
rotating slightly round their centres, the extent of 
the rotation being controlled by springs. The Citroen 
Gear Company built two such experimental wheels con- 
structed as illustrated in Figs. 4 and 6. The arrangement 
of the springs in the wheel centre 1s such that all the 
spring plates are effective for each direction of rote- 
omy whilst in most of the devices emery designed for 
Cie comme. Burpee &, sepeente. Aa 9 springs was - 
vided for each direction of motion, or else the ales 
had to be fitted under an initial tension of half the maxi- 
mum required, which latter condition led to difficulties 
in the fitting of the springs in the first instance. Two 
elastic gear wheels were provided for one locomotive, 
in case the tests showed that one alone did not suffice, 
The tests, however, demonstrated that the use of one 
elastic wheel of the two which form part of the 
for each locomotive sufficed to do away with the 
oscillations at speeds between 40 km. and 4] km. 
The trials proved, therefore, that the trouble could 
be traced to the rigid connection by means of 
gearing of both the rotors with the transmission 
mechanism and that the connection could 
be maintained in the case of one of the two rotors. 
The two rotors, it is true, have a high inertia, but 
if it had been necessary to consider this inertia as inter- 
vening alone, the phenomenon would have occurred not 
at one clearly ed speed only but over a somewhat 
wide range of speeds. 

The distribution of the axle loads on the locomotives 
ie somewhat peculiar. 

The load is distributed on the axles by means of 
equalisers, as in the case of steam locomotives. The 
locomotive com: weighs in running order 108-6 
metrical tons ; the five central pairs of wheels and axles 
weighing each 2,040 kg., and the two end ones 1,530 kg. 
each, whilst the suspended load is 95,340 kg. On the 
other hand, the maximum designed load on a driving 
axle is 17,000 kg. ; on this basis, and reckoning, further 
on &® maximum load of 11,800 kg. for each end axle, 
the suspended load does not exceed 14,960 kg. for 
each of the five driving axles and 10,270 kg. for each 
of the two end axles. But the weight of a complete 
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motor is made up as follows: Rotor, 4,715 kg. ; pinion, 
449 kg.; shaft, 450 kg.; stator, 6,715 kg.; inter- 


mediate shaft and wheel, 2,410 kg.; crank- 
plates, 400 kg.; ma up a total of 15,150 ig. in 
round numbers, Since the weight of each of the 


two motors is taken by the middle axle ; as also — 
of the weight of the frame plates and body it is clear 
that the load over this middle axle must be in 
excess of that authorised by the so long 
as the rigidity of the frame is insu t to transfer 

of this load to the other axles, since the 
central load is distributed solely by special springs 
on the corresponding axle, without an ualiser. 
Consequently, if the conditions under which the 
frame plates undergo flexion be gone yerpe using 
the Cla formula, it is necessary to e into 
account the flexion of the frame plate between the 
axles preceding and following the middle one, other- 
wise the middle axle would be loaded above the regula- 
tion figure. 

The frame plate can thus only be considered as a 
girder resting on six ings instead of seven, bearings 
which are on a level, whilst the central axle bearing 
exerts an upward force of 14,960 kg. As the distance 
between the third and fifth axles is a one 
(4-500 m. = 14 ft. 9 in.), the deflection of the frame 
plate in a line with the central axle will be appre- 
ciable. This deflection is 2-22 mm. (0-087 in.) as 
determined by graphic statics, and the half-period of 
the oscillations proper of the frame plate is con- 


sequently ; 
0-0022 
= ——— = 00478 
te) Sa 
the period being therefore 0-0956 second. 


If it be noted that the play in the coupling rod 
bearings gives rise to four impulses per revolution 
of the wheels, each pre oy during resonance 


to one period of oscillation of the frame plate, the speed 
at which resonance occurs must be ee Sea 2-615 
0-0956 x 4 


revolutions per second, and as the wheels are 1-350 m. 
in diameter at the tread, the corresponding travelling 
speed is that of 40 km. per hour. 

In the course of the experiments made in November, 
1913, using the accelerometer, the engineers in charge 
were able to note a variation in ths ‘Uibtonee between 
the two motor centres of about 5 mm. to 6 mm. (0-196 
in, to 0-236 in.) during the ee of oscillations, 
which proves, the motors being fixed to the frame plate, 
that the latter was in vibration, the loops in the curves 
corresponding with the middle of the locomotive the 
nodes coming above the third and fifth axles. 

It is quite clear that if the grouping of the machinery 
had made it possible, it would have been preferable 
to have recourse to equalisers so as to distribute a 
part of the central load to the other axles, and without 
making any call on the flexure of the frame plates ; this 
would have decreased the deflection of the latter to 
a value sufficiently low for resonance to occur only at a 
travelling speed above 70 km. per hour. There was, 
however, not sufficient room for such equalisers, 
Further, if the moment of inertia of the frame plate 
could have been in sufficiently, the central 
deflection could also have been decreased and the 
danger of resonance limited to speeds above 70 km., 
this would, however, have resulted in an increase of 
weight such that the load per axle would have 
exceeded the permissible limit. 

The motors being fitted to the frame plate, the 
masses of the rotors tend during the vibrations to have 
® pendular movement round a centre of rotation and 
tend ee eg ges | to approach and to withdraw from 
each other in revolving round the centre of the inter- 
mediate shafts. But these actions can only ocour b 
the rotation of the | mE and wheel round their 
respective centres. t a given moment during a 
vibration, this motion, in the case of one rotor tends to 
add itself to the normal rotating action, whilst it tends 
to act in the reverse way as regards the second rotor. 
The inertia of the rotors therefore intervenes, for it may 
come in at the instant a crank arrives at the dead point 
of the transmission by the oblique ae pe rods, 
an instant which does not correspond with the dead 
point of the transmission of the second rotor, and 
this inertia during a very short interval develops con- 
siderable stresses in a direction tangent to the teeth, 
efforts which are not transformed in a useful torque, 
but only into a flexion torque of the frame plate, 
through the bearings of the intermediate shafts, 

Figs. 1 and 2 show the essential of the frame 
plate and transmission; from this it will be seen 
that the frame plate is not supported directly on 
ra abe wes re the points of attachment to the 

me plate of the eq these being the points 
A, B, C and the symmetrical points relatively to 
the centre. Fig. 3 represents di ly the 
flexure of the frame plate; the diagram a only 
to the half of the central s C D, the other 
half being symmetrical relatively to D. The first 





curve, marked M, is that of the bending moments 
M; it is deduced from the | by means of the 
Clapeyron formula. At D a force is sup to act 
u equal to the value of the load suspended 
at that point, and obtained by adjusting the springs. 
Since the moment of inertia of the frame plate varies 
with its constitution, the diagram of the reduced 
bending moments has been traced for the section C D, 


=< —_—_ 


Fig .4 


























parallels to the radii of the series the verticals from“the 
centres of gravity of each succeeding element of 


famu L 
I, 

2-22 mm. (0-087 in.). 
The engineers at first thought that the introduction 
of the elastic system, which is illustrated in Figs. 


There is thus found at D a deflection of 
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this diagram being no other than that M multiplied 
by the ratio 1 ot the local moment of inertia to a 


particular moment of inertia I, taken as unity. The 
values of fam t on each portion of the diagram 


I * ; 7 : 
of M C have been determined in sections, so as to 
0 
obtain a series having the polar distance I, E which has 
served to trace the deflection curve f, by connecting by 
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4 to 7, in one only of the two toothed wheels had 
sufficed to do away with violent vibrations, because 
the plate springs absorbed the energy developed by 
the inertia of one rotor and thus doubled the period 
of the oscillations. They also thought that the loco- 
motives provided with one elastic wheel only would 
show trepidations solely at a travelling speed of 
79 km. to 81 km. per hour, a speed which was never 
attained. They, however, soon realised that such was 
not the case, since the period of impulsions being 
doubled by the adoption of one elastic device alone 
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SKEFKO BALL. BEARING HUB FOR ROAD VEHICLES. 


CONSTRUCTED BY THE SKEFKO 
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it is always greater than that of the vibrations of the 
frame plate. Therefore, with one elastic device alone 
the vibrations would reappear, but at a travelling 
speed as low as 20 km, (12-4 miles) if the deflection 
of the frame plate was quadrupled, which cannot of 
course occur. 





SKEFKO BALL HUB BEARING 

Wale in the engineering world ball bearings have 
supplanted plain bearings in a very large number of 
types of machine, it is rather surprising that on horse- 
drawn vehicles plain i are still universally 
employed, It would be no easy task to discover the 
date of the last successful improvement in this direc- 
tion, for though ball bearing applications have more 
than once been attempted, failure has usually resulted 
from the use of bearings of insufficient load capacity 
for the purpose. The Skefko Ball Bearing Company, 
of Luton, Beds., have for some time been experiment- 
ing in the manufacture of a ball bearing hub for horse- 
drawn vehicles, and have recently placed such a device 
on the market. Ample allowance is claimed to have 
been made for the stresses which occur in the hubs of 
heavily-loaded vehicles in motion. 

The hub consists of a housing of cast-iron, which 
follows standard design in the matter of the wings or 
webs which grip the wooden nave of the wheel. In this 
— are en two ball ings, the inner of 
which is @ single row annular bearing, designed to take 
the thrust loads which occur while the wheel is in 
motion. The outer bearing is a double row self- 
aligning bearing, which takes the main radial load. 
The bearings are kept at a fixed distance apart by a cast- 
iron distance sleeve, the outer bearing being fixed in 
position by a nut which screws on the end of the 
journal, locked by a cotter pin. The inner bearing is 
secured by a threaded sleeve with set screws. e 
housing is closed at the outer end by a brass 
cover, while at the inner end an oil-saturated felt ring 
“loses the space between the housing and the flange on 
the axle. When assembled, the hub is thus 
against dust and grit, and lea’ of lubricant is pre- 
vented. Various views of a hub ing in section and 
dissembled are given in our illustrations, 
from which the construction will be clear with t 
going description. 

Tests of this hub have been carried out in the labora- 
‘ory and on the road, and the results obtained would 
cael to show that the hub, apart from its obvious 

vantages over the plain variety, is capable of giving 
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Employment 
-4, | to 325,915 on April 
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good service under as heavy loads as would ordinaril 
occur in use, In one of the laboratory tests a hu 
was run for 56 hours at 1,000 r.p.m. The load for the 
first 12 hours was 10 tons the sq. in., increasing by 
4 tons every 12 hours. . Bearings which are capable 
of withstanding such a test as this have obviously a 
wide margin of safety when applied to even the heaviest 
types of. horse-drawn vehicles. Another test was 
carried out with two similar vehicles of identical weight, 
one of which was fitted with the ball hubs. It was 
found in a trial that a man could draw a 64 per cent, 
greater load in the ball bearing hubbed vehicle than in 
the other. Part of this difference is probably due to the 
failure of plain bearings to retain lubricant when stand- 
ing idle under load, and the consequent. excessive 
friction during the first two or three revolutions. Ball 
hubs should be a great deal easier on horses. From this 
test and others carried out under the supervision of Mr. 
C. Herbert Sheather, F.R.C.V.S., Chief Veterinary 
Surgeon to the Hackney Horse Society, it would seem 
that when these hubs are fitted, loads can be increased 
by about 30 per cent. without increasing the demand 
on the horse, of course on the level. 

A considerable economy of lubricant is also effected, 
the saving being actually between 80 per cent. and 90 
per cent. of the lubricant used with plain bearings. 
The design of the hubs makes it possible to mount them 
with equal facility in old wheels or new, and they are 
manufactured in several sizes, suitable for almost every 
type of horse-drawn vehicle. 





INDUSTRIAL NOTES. 

Tue Ministry of Labour state that emplo t 
continued good on the whole in April, and was slighty 
better than in March. The percentage unemi 
among workpeople (skilled and unskilled) in industries 
covered by the Unemployment Insurance Acts fell 
from 3-63 on March 26 to 2-80 on April 30, and the 


unemployed among the members of certain | i 


trade unions (mainly of skilled workmen) from which 


proof | statistics are obtained declined from 1-1 to 0-9. The 


number of men and women on the live registers of the 
fell from 337,854 on_April 1, 
. The improvement in employ- 
ment. indicated by the i was mainly 
due to the reduction in the number of unemployed in 
the engineering trades and, to a smaller extent, in the 
trades, in which very few skilled men are now 

In other trades the 





unem: 
about the same in April as in Marc 
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The number of trade disputes beginning ing in April 
was 134. In addition, 84 disputes which began before 
April were still in at the beginning of the 
month. The total number of workpeople directly 
or indirectly involved in all these disputes, new or 
old, was about 140,000, as com with about 
134,000 in the previous month, and about 106,000 in 
April, 1919. e estimated aggregate duration of all 
trade disputes during the month was about 880,000 
days, as com with 788,000 days in March, 1920, 
and 473,000 days in April 1919. 

In the industries for which statistics are available, 
changes in rates of wages reported to the t 
as having been arranged to come into operation in 
April, with effect from that month, or from earlier 
dates, resulted _ a total increase of 1,200,000/. in the 
weekly wages of 3,750,000 wo le, The mining, 
metal and transport A gre at teehee accounted for 
3,250,000 of this total, increases being given, under 
national arrangements, to coal miners engineers and 
shipbuilders, railway traffic workers and carters. In 
addition, the minimum rates of wages of cultural 
labourers were raised in England and W: and in 
Ireland. Changes in hours of labour affected over 
14,000 Mie za whose normal weekly working time 
was red by an average of nearly 44 hours. 

The general level of retail prices (including food, 
clothing, fuel and light, &c., as well as rents) on May 1 
was about 141 per cent. above the level of July, 1914, 
taking the same quantities and, so far as possible, the 
same qualities of each article at the present time as 
before the war. 





On July 21 an exhibition, run entirely by ex-service 
disabled men, is to be opened at the Central Hall, 
Westminster, to which the public will be admitted 
until the 29th of that month. Amongst the trades 
represented will be boot-making, watch and clock 
repairing, basket-making, tailoring, hairdressing, the 
building trades, including masonry and ornamental 

laster work, the furniture trades, engineering, 
jowellery, &c. It is hoped that Lady Carnarvon's 
Therapeutic Society may supply a choir composed of 
disabled men who are pursuing a cure for stammering, 
and that bands composed entirely of disabled men 
will be sent by some of their associations. The 
exhibition—to which a small entrance fee will be 
charged—will be open daily from 11 a.m. to 9 p.m. 


The National Health Insurance Bill, which has 
just received the Royal assent, makes important 
changes in the benefits and contributions the 
Health Insurance Scheme to operate from July 5 next. 
The object of the changes is to provide for an increase 
in the rates of benefits in view of the fall in the value 
of money. The normal rate of sickness benefit will 
be from 10s, to 15s. a week in the case of men 


a oe ie en ee i Aesrdyoedt pore: bs yas 
wages are paid eeplore charged a 
iciger and ae wine tt a smaller portion of the 


joint contribution. The contribution cards from the 
week begi July 5 next must in all cases be stamped 
at the rate of 10d. a week for men and 9d. for women ; 
stamps of these values will be on sale at Post Offices. 


The railway workers are now entitled under the. 
sliding scale agreement to a further advance in wages 
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of 2s. per week. The sliding scale agreement provided 
for an increase of ls. per week for each. 5 points rise 
in the cost of living above 125 per cent. on the pre-war 

At the first adjustment, when prices were 
131 per cent. over the standard, an advance of Is. 
per week was granted. With the new figure of 141 per 
cent. the railwaymen become entitled to a f r 
advance of 2s. 





F 


Railway Accountant 
Committee, stated that the total annual railway wages 
now stood at 100,000,000/. over the figure for 1913, 
when the total bill was 47,000,0001. If the above 
claims were conceded, there would be a further sum of 
35,000,000/. added to the bill per annum, and the 
railways of the country would be faced with a deficit 
of 79,500,0001. Mr. S. A, Parnwell, of the Committee 
of General Management of Railways, said the case of 
the dockers’ increase had been frequently mentioned, 
and comparisons made to show that the railwaymen 
were much underpaid. He asked the court to say that 
there was very little comparison possible between the 
railwayman, with his guaranteed week and holida: 
paid fpr, and the docker who never knew whether he 
was going to enter the dock gates to begin a day’s 
work until he actually did so. It was pointed out at 
further meetings that the only way of facing the 
situation created by granting the men’s claims would be 
by another increase of 20 per cent. in passenger and 
goods rates. 


Dr. Addison, Minister of Health, in reply to a 
question in Parliament on the 20th inst., said he had 
been informed that some bricklayers engaged on a 
housing scheme at Hayes had demanded that the 
contractors should dismiss one of their foremen and 
that, when pressed for the cause of the demand, the only 
substantial reason they could allege was that this 
particular foreman’s section was laying a larger number 
of bricks than the others. The contractors refused to 
dismiss the foreman on this ground, and the protesting 
bricklayers left their job. understood that some 
of the men of this yy a section were said to a 
laying on an ave 700 bricks a day, compared wit: 
350 laid by her auollahe, and that there was no 
allegation that the men who were laying the larger 
number of bricks were being unduly pressed. The 
headquarters of the trade union had given no 
countenance to the men’s action. He was also informed 
that the men had previously threatened to leave their 
job unless the building of certain concrete cottages was 
fem 2.044 They subsequently withdrew from this 
attitude on the action of the headquarters of their 
union. 








A meeting of the executive committee of the Miners’ 
Federation was held last. week at Southport, when the 
decision of the Government to increase the price of coal 
by 14s. 2d. per ton for domestic coal and 4s. 2d. per ton 
for industrial coal was considered. It was stated that 
the Miners’ Federation had repeatedly urged upon the 
Government the necessity of keeping the prices of coal 
down, and that the industry was paying its way even 
to the extent of meeting recent increases in wages. 
The Executive Committee thegefore deemed it necessary 
to convene a special conference of the Federation to be 
held in London on June I0 to consider the relations of 
wages to the increased income of the industry, and to 
the latest increase in the cost of living, as shown by 
the Government returns. 





The question of the 44-hour working week was con- 
sidered at the conference of the Federation of Engineer- 
ing and Shipbuilding Trades which was held last week 
at Plymouth. Dissatisfaction was expressed at the 
delay of the employers in npt proceeding with the 
inquiry on the question of hours as jointly agreed upon. 
It was di to recommend that the inquiry be 
abandoned, and that a meeting of the Federation and 
other trades affected should be held within a fortnight 
to decide a further course of action. 

Another decision was to recommend affiliated 
executives to either ly limit or stop overtime 
altogether until the 44-hour week is conceded. The 
next conference will be held at Scarborough. 


All the London printing trade unions were repre- 
sented Aes executives at a meeting held in London 
on the 20th inst. Certain national unions were also 
re ted. The following official statement was 
subsequently issued : “ After a discussion lasting over 








2 hours it was decided to accept an invitation received 
from the executive.of. the National, Printing and 
Kindred Trades Federation to merge the London 
demand into those of the rest of the printing trade 
unions, and so consolidate the various applications, 
ranging from 15s. to 30s., now before the employers. 
Several national unions have yet to be consulted, but 
it is anticipated that future negotiations will be carried 
through in a national all-in policy by the executive 
of the National Federation.” 





A conference was held last week in London to deal 
with the Midland Canal strike. It was called on the 


to meet the emplo 

The following terms were arrived at and they have 
since been accepted by the men: (1) A Wi Board 
to be established with provisions for d with 
differences on the lines of the Midland Iron Steel 
Wages Board. The parties to have mutual rights in 
calling meetings of the Board, such meetings to be held 
within 14 days. (2) National negotiations and awards : 
It is agreed that in future both sides will become parties 
to (a) national negotiations, (b) national awards to 
which they may be invited. * Any claims and proposals 
of a national character to be forwarded to the Wages 
Board immediately they are formulated. (3) A meeting 
of Mr. Hutton (for the employers) and Mr. Bevin (for 
the men) to be held at a later date, to agree as to what 
amount, in addition to the 6s. per week granted from 
May 3, shall be given in settlement of the present 





difference, (4) Work to be resumed where possible on 
Monday, May 24. 
The biennial ¢ of the National Union of 


General Workers was opened in Aberdeen last Monday, 
when Mr. J. R. Clynes, M.P., the chairman, delivered 
a presidential ofidien. In this he referred to the 
operations of capitalist bodies and their menacing 
amalgamation, and said a protest against the trusts 
should not be left to trade unions. It was vital that 
the whole country should understand what was ha - 
ing to trade os Sow oma Because of capitalists there 
was little left now of what they used to call free trade. 
Trusts fixed prices of the raw material and the finished 
product. They controlled the purchase and sale of 
material and dnaniiect the amount the public must 
pay. They were the great destroyers of the traditions 
of trade and interfered with industrial service far more 
effectively than trade unions had ever done. Those 
who said Labour interfered with trade developments 
should look at the way in which syndicates and trade 
associations working in secret prevented freedom in 
business by artificially fixing prices and always con- 
sidering profits, with little regard to production or the 
people’s needs. Labour rejected this law of monopoly 
and private control of the le’s needs, and in its 
demand for nationalisation Labour showed itself the 
greater patriot by seeking to acquire property for the 
nation in order to advance the well-being of the 
community. The abandonment of political effort and 
the resort to violence, Mr. Clynes further stated, would 
not merely disturb and dislocate all the commercial 
and productive resources of the country, but would 
assuredly bring the whole people very soon to the verge 
of starvation. Our internal welfare depended upon 
external food supplies. This was entirely overloo 

by those who contemplated methods of physical force 
with unconcern. To disturb the credit and trading 
arrangements of an island like ours was to shut against 
us the doors of food markets in every part of the world. 
There was no country less qualified‘to’ bear the burden 
of continued internal disturbance than Britain. 





Tae Norra Brermsxz Locomotive Company, Loren. 
—The war record of the North British Locomotive 
Company, Limited, takes the form of a pictorial album 
preceded by & cited Rietitienl aectuit Of the ‘itm 
which to make up the t company. Of these 
firms the first to a motive on the rails was 
Messrs. Sharp, Ro and Co,, subsequently Messrs. 
Sharp, Stewart and Co. Their first locomotive was 
finished in 1833. The twenty thousandth engine was 
turned out in 1913. Although the firm continued 
building.during the war, and turned out over 1,400 
engines in that period, it undertook an enormous amount 
of actual munitions work of too diversified a nature to 
v ney Are detail. A large amount of shell-making was 

one mh Shops which were in process of erection in 1914. 
tput also included sea mines, double and triple 
2l-in. revolving torpedo 


tubes, B.E.2c aeroplanes, 
240-mm. trench howitzers and last, but not least, 
Mark VIII tanks. 


was ing through the shops at the time of the armistice. 
The book contains a large number of reproductions of 
interesting photographs, and ends with an interesting 
description of the Springburn Red Cross Hospital of over 
400 beds, which was installed in the administration 





building of the works. This forms a splendidly pleasant 
ending to the proud, but of course somewhat mm ky record 
of munitions turned out on the other side of the 

80 to speak, in the works themselves. 


An order for 1,040 of the latter | dange 





PRECISION LEVER WATCHES. 


Tus plain lever watch is not generally regarded as 
an instrument of precision, but within recent years 
it has been brought to a degree of accuracy higher than 
that of the pocket chronometer, which is more elaborate 
in its design and more delicate in its mechanism. 
This improvement has been due to a combination of 
high mechanical skill with scientific study of the most 
suitable materials. In the watch and chronometer 
trials at the National Physical Laboratory during 1917 
and 1918, the first place was taken by a » double- 
roller, soci tegen lever watch made by Mr. Paul 
Ditisheim, of La Chaux-de-Fonds, Switzerland, with 
the highest number of marks recorded up to that time 
—96-2 out of a possible 100. The full number is 
allotted to an absolutely perfect watch, which shows 
complete absence of variation of daily rate, absolute 
teeedeas from change of rate with of position, 
and perfect compensation for effects of temperature. 
Tests made by the National Physical Laborato 
during March and April of this year showed still better 
results, the figure reached being 96-9. This remark- 
ably high standard of accuracy enabled watches of 
this type to be used with good effect in the deter- 
mination of longitude. In the autumn of 1918 a set 
of watches was taken from Neuchatel to Washington, 
U.S.A., and gave the following determinations, which 
are compared with the standard determinations made 
with wireless telegraphy :— 

Standard Determina- 





- Determi- tion by Lever 
nation. Watches. 
h. m. 8. h. m. s. 
Neuchatel-Bord ... 0 29 55.3 0 29 55.3 
Neuchatel - Washington 5 36 5.6 536 40 


Thus the longitude of Bordeaux was accurately given, 
while in the case of Washington the reading was only 
1-6 seconds out—equivalent to about 400 yards. 
The notable point about this test was that the watches 
were not specially protected against the effects of 
vibration and change of position. Owing to their 
portability and robustness they are particularly well 
suited for surveying and exploration. The standard 
equipment in such cases is a set of three watches fitted 
into pockets in a belt. By taking the mean of three 
readings a higher standard of reliability is obtained 
than is possible with a single watch. 

In order to test the degree of accuracy obtainable 
with the most recent watches, Mr. Paul Ditisheim has 
recently used them in determining the difference in 
longitude between London and Paris. Aeroplane 
transport was adopted to shorten the transit period 
between the observatories at Greenwich and Paris, 
thus reducing the margin of possible error. Three 
journeys were arranged, two from London to Paris 
and one in the reverse direction. The results of this 
unique test will be awaited with interest, It may be 
mentioned that the high standard of accuracy reached 
by these watches is due to the adoption of the Guillaume 
balance, which is made of a special nickel-iron alloy 
which automatically compensates for changes in 
temperature. The modulus of elasticity of the spring 
increases with the rise in temperature. 





THE MOTOR SHIP « NARRAGANSETT.” 

One of the most far-reaching movements of the 
present day is the utilisatiow of oil fuel for power 
production. The relative prices of~oil and coal in a 
great number of the world’s ports, are such that, in 
many instances, a case can be presented for the 
substitution of the liquid for the solid fuel. Further- 
more, the relation in running ch between the cost 
of fuel and of labour throughout the world have been 
considerably altered by the conditions appertaining 
to-day, we f principally by the high wages everywhere 
demanded. In of labour-saving, of course, 
the advantages of oil fucl are well known, A large 
number of ships are being built to burn oil fuel under 
boilers, or, being converted to this system, and the 
Diesel engine is also being extensively. fitted. 

The question of the sufficiency of the world’s supply 
of oil fuel cannot but be raised ; have already 
been felt in certain quarters and give rise to the fear 
that consumption is aay sem. | production, An 
urgent note of warning must be i as to the absolute 
necessity of consuming the available supply to the best 
advantage. Looking back over the history of the great 
developments attributable to the utilisation of the 
world’s coal deposits, the fear arises that just as coal 
has been needlessly wasted, so is there at present the 
r of similar economic disregard where the newer 
liquid fuel is concerned. Whatever shortages of oil 
fuel may temporarily be. felt at intervals in yarious 
quarters, these are no doubt more due to the five 
years of war than to any other cause. _The war require- 
ments of the Allies for aeroplanes, tanks and all types 
of pay yep very heavily upon the available 
reserves of lighter spirits, and consequently upon 
those also of heavier oi The destruction of theoil 
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wells of Eastern Europe is another contributory cause. 
The position of Britain in regard to oil, whilst improving 
is not satisfactory, since the production within the 
British Empire is but 2 per cent, of that of the world, 
and is only 20 per cent. of our own requirements. 
Many years, therefore, must elapse before we can be 
self-contained in this respect. This ition points to 
two essentials, firstly, to ensure the most efficient 
utilisation of available supplies, and, secondly, to 
improve the conditions of transport as much as possible. 
Considerations of efficiency demand that we develop 
that type of machinery which gene the largest return 
in power per ton of oil, and in this respect the Diesel oil 
engine stands pre-eminent. 

The foregoing are briefly the views of Mr. Powell, 
the managing director of the Anglo-American Oil 
Company, as expressed at the luncheon on board the 
Narragansett on the occasion of the trial trip which 
took place from Liverpool on Tuesday, May 11. This 
ship is the first of a new- fleet and will enhance the 
reputation of this company as an efficient addition to 
their oil-carrying ships serving, by increasing transport 
to improve home supplies of liquid fuel, whilst her 
Diesel machinery, operating at maximum economy, 
renders this transport remarkably efficient. The 
design of this vessel will be seen from the drawings 
reproduced, Figs. 1 to 8, on 717. The crew 
are accommodated forward in the forecastle, captain 
and deck officers amidships, and the engineering officers 
aft and near the machinery space. nature of 
the accommodation can clearly be seen from the illus- 
trations given. In no respect has improvement in the 
design of ships during the last few years been more 
marked than in regard to the accommodation now 
provided on board merchant vessels. In general a 
change did not set in until the necessity was clamant, 
but an examination of the drawings herewith will show 


that tho lo-American Oil Company needs no 
pressing on this point, and that the living conditions 


on board are now almost of a sumptuous order for all 
of the officers and crew. As an instance of this, it 
may be mentioned that oil-fired cooking apparatus 
Messrs, Manlove, Alliott and Co., Limited, 41 and 
Parliament-street, London, S.W.1, has been fitted 
on " 
The Isherwood system of construction has been 
adopted and the vessel is built to the highest class in 
Lloyd’s. The designed deadweight is 10,050 tons on a 
draught of 26 ft., and the cargo carrying capacity 
9,450 tons with oil of a specific gravity of 0.90. For 
power purposes there is storage for 750 tons of fuel 
disposed in tanks fore and aft to facilitate trimming. 
The after tanks near the main engines in the wings 
can be seen in . 1. The 10 main cargo oil tanks 
are divided longitudinally by a centre bulkhead, and are 
fitted with trunk hatches to the upper deck, each hatch 
having a vent pipe. The total capacity of the 10 
tanks is 434,000 cub. ft., whilst the summer tanks 
in the wings have a capacity of about 52,000 cub. ft. 
Forward and aft the cargo tanks are isolated by 
coffer dams. For pumping purposes two Worthington- 
Simpson steam driven pumps are placed in a separate 
compartment between number 7 and 8 tanks. All the 
tanks have steam connections for fire extinguishing and 
for steaming out the tanks after they have been 
pumped out. This steaming out is often arranged to 
be done by shore — plant when the vessel has 
been pumped out. The cargo system adopted in 
this ship is remarkably Sime theogh a filling and 
pumping connection is fitted to each tank. 

To turn to a consideration of the main pelling 
machinery, in which the chief interest no doubt will be 
centred, due to the possibility of trimming ship by 
means of pumping the cargo oil fore and aft, and also 
the fact that the machinery fuel oil for the engines and 
boilers is disposed equally at the stern and in the 
forward tanks, the machinery can well be dis aft, 
as is becoming quite practice with oil tankers. 
The necessity of carrying steam plant for fire extinguish- 
ing and for steaming out tanks hes rather impeded the 
adoption of Diesel for oil tankers, a duty for 
wrt they would at sight seem to have the first 
claim, 

With the Narragansett, however, the dictates of 
operating economy have ben followed, and the main 
ps lling units are Diesel engines with two donke 

ilers for windlass and winch work, fire-extinguishing 


ting | doors to enable the splash 





require reiteration, and it is therefore quite appropriate 
that the first merchantman to leave the Barrow 

since the war, the first of a fleet of sister ships 
Yesiding there, should be fitted with Vickers’ Diesel 


ing the war considerably more than 90 per cent. 
of the products of the Barrow factories and yards 
went to meet the demands of the various fighting forces, 
and the commissioning of this completely-equipped 
ship in the short time that has elapsed since the 
armistice, is a testimony to the rapidity and efficiency 
of the change over from war to peace requirements, 
to the credit of directors, executive officers and men 
of the establishment. 

These engines follow on the Vickers’ motors which 
performed so successfully in the Admiralty oil tankers 
Trefoil, and Santa Margherita and the monitor Marshall 
Soult, embodying, however, important modifications to 
bring them into line with mercantile practice. 

The leading iculars of these engines as well as 
those for the Narragansett are given in the table 
herewith ;— 
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With these slow-running type engines it will be seen | Pressu 


that the brake horse power per cylinder has successively 
increased from 93-75 with the Trefoil to 208-3 in the 
case of the Narragansett. 

The main features of the Diesel propelling units were 
described and illustrated in our issue of May 7, pages 
623 and 624, but may briefly be recapitulated to make 
complete the present description of the ship, and in the 
pp bei the Ag aye given, re 5 to 14 
on TX and perspective repro- 
duced on pages 719 and 722. 

These engines work on the well-known and standard 
four-stroke cycle, to which class over 90 per cent. of 
the rc min « pans tor Se motor ships belong. There is at 
the present time to be noted a tendency for the designs 
of marine Diesel engines gradually todiew together in 
certain fundamental res The experience of 
constructors is evidently pointing the way to a more 
or less common solution to the main problems involved, 
and the better economic position of the Diesel engine 
to-day does not call for the risks which were taken early 
on in its history in an effort to make short cuts or to 
speed up the process of development. Attempts were 
made to give the Diesel engine attractions that this 
prime mover does not intrinsically possess. This unifica- 
tion is likely to give confidence to those considering the 
application of the oil engine to marine propulsion and 
is most highly to be commended. " 

It is not generally recognised that the commercial 

Diesel engine is neither a light nor a cheap motor, A 
strong rigid engine is a good investment and hi 
class materials and workmanship are essential, 
@ sense of what is suited to marine, as opposed to land 
conditions, is all important in the desi In these re- 
spects reference to our earlier illustrations will satisfy 
any critic of the solidity of the type of framing adopted 
for this engine. The cylinders with the heads and 
separate liners are all of cast-iron and are carried on 
trestle-shaped box-section columns bolted to a two- 
piece cast-iron bedplate. These columns are relieved 
of tension stresses ny Perough hate passiig from the 
cylinder jacket to the bottom of the plate. There 
are eight such columns per engine and the guide plate 
with ahead and astern faces is bolted between adjacent 
columns. 

The engine, as has been found quite desirable with 
marine Diesel engines, is forced lubricated throughout, 
Sliding panels are fitted to the main crank chamber 
‘= from the main and 
crank-pin bearings to be felt w the engine is running, 
The Specs tatedocied salt water led in and 

ut by telescopic pipes. At back of the engine 
on the columns are the piston water outlet pipes 

i funnels where the temperature and 
unt of water can be measured. 





valves, and for each cylinder there is a double set of 
cams. For reversing, the™camshaft is shifted longi- 
tudinally, bringing the new set of cams into operation. 
The design of valve gear, and the carrying of the 
camshaft from brackets on the cylinders, facilitates 
the withdrawal of the pistons from above. Running 
fore and aft along the top of the engines is a beam 
carrying the lifting gear. To disconnect the valve 
gear for any valve it is only necessary to drive out one 
— swing back the angled push rod seen in Fig. 16. 

crankshaft is solid forged in two pieces. The 
order of firing ahead is 1, 5, 3, 6, 2, 4, and astern 
4, 2, 6, 3, 5, 1. The flywheel has teeth cut on the 
periphery, and an electric motor through worm and spur 
gearing serves for a turning engine. This gear can be 
seen in plan, Fig. 10. 

The engine, in its standard parts, follows the best 
marine practice, and the special features and notes 
of the running performances may now be given. 

The most outstanding of these is that the fuel is 
injected into the working cylinders in a sufficiently 
finely-divided state by pressure alone, and without 
the aid of compressed air. No fuel injection air 
compressors are therefore required. A spare fuel- 
injection valve mounted upon one of the pillars 
in the engine-room, with a hand pump for testing 
purposes, was operated to demonstrate the fact that 


; |no after-drip occurs, and so that the fineness of the 


spray, resembling steam, might be appreciated. 

The fuel is pumped up to a pressure of from 4,000 lb. 
to 5,000 lb. per square inch by a four-throw fuel 
pump, seen behind a sheet-iron guard in the fore- 
ground of the illustration, Fig. 17. This view is taken 
looking forward, and the fuel pump seen is that for 
the port engine. These pumps are driven at about 
engine speed from off the vertical shaft gearing. A 
system of control by holding open the suction valves 
for a greater or less period of their delivery stroke 
regulates the amount of fuel pumped, and so the 
re in the fuel system. The fuel is then delivered 
into a common rail and thence to the fuel injection 
valves in the cylinder heads. This system reduces 
the problem of fuel injection to its simplest terms. 
Means are provided by operating the eccentrics 
upon which the fuel-injection levers are mounted for 
varying the amount of opening of these cylinder head 
valves and of cutting them out of action altogether, if 
desired. The timing of all the spray valves is con- 
trolled from one control lever, and each valve has in 
addition an individual cut-out. 

The engine is started by means of compressed air 
stored at 600 lb. per square inch in 10 air reservoirs 
stowed at the after end of the engine-room, as seen in 
Figs. 9and 14. The air is led to the control valve at the 
starting platform seen in the foreground low down in 
the case of the starboard engine, Fig. 17. Above this 
hand-control valve is a trip foot-operated valve 
enabling the operator to trip the starting air on or off 
at the desired time during the manceuvring period of 
operation and so prevent needless expenditure of com- 
pressed air through leakage. Thence the air is led 
to valves operated by the manceuvring shaft con- 
trolled by the hand wheel shown clearly in the illustra- 
tion Fig. 17, of the starting platform. The function 
of these valves is to supply the air to the cylinders, 
first of all to six, then to four and two, and finally 
to cut it off. Simultaneously the fuel is passed to the 
cylinders, from which the air is cut off. From these 
supply valves the air passes to distributing valves below 
the camshaft operated by cams which pass the air at 
the correct period of the cycle to the cylinders, where a 
non-return valve is fitted to prevent combustion gases 
passing back along the supply pipes. An interesting 
point in connection with these distributing valves is 
the fact that their driving plungers are kept con- 
tinuously in operation so as to prevent them sticking 
and getting hung up when a start might be required. 

Reversing is normally carried out by air power. 
The air operates a piston, and through gearing and 
links the valve lever fulcrum shaft is rotated lifting the 
rollers, the camshaft is moved longitudinally in its 
bearings and the rollers again replaced. The motion 
of this air-operated piston is damped by an oil cylinder, 
and in the event that air is not available or for other 
reason, this operation cannot be carried out in the 
normal manner, a hand oil pump operating on the oil 
cylinder affects the necessary displacement of the 
piston to reverse the valve gear. : 

As is generally the case with Diesel engines a descrip- 
tion of the mancuvring gives an impression of 4 
number of operations which it might be assumed take 
@ considerable time to perform. It must be remem- 
bered that the necessary functions are carried out 
either simultaneously or in very rapid succession, 80 


in|that the manceuvring is extremely rapidly effected in 


tice, and is in fact more speedy than with any 
orm of steam ine. 

On the trials Pix, sed May 11, the opinion of the 

pilot in c was entirely favourable to the engine 


under his control, and on the bridge the McNab indica- 
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tors proved that the response in the engine-room to 
the orders from the bridge was immediate and sure. A 
considerable amount of manoeuvring was carried out 
when weighing anchor and swinging, in limited space, 
in a busy stream with a slight mist on the water. 
When going into dock after the trials 55 reversals and 
starts were required from each main engine in 1} hours. 
On several occasions reversal from ahead to astern took 
only 8 seconds. 

Slow speed on the engines corresponds to slightly 
more than 40 r.p.m. and full speed to 120 r.p.m. 

Driven by means of levers and drag links from the 
crosshead of the forward main engine is a group of 
pumps dis as follows: a bilge and sanitary, and 
a forced lubricating oil at either side, centrally a 
pump for circulating the salt water for the jackets 
and above it a small pump for higher pressure salt 
water for the piston, exhaust valves and their cages, 
and the auxiliary service for the cylinder heads. 

From the same mechanism the compressor for the 
McNab indicators fitted on the bridge is driven. 

The lubricating oil pressure is 20 lb. per square inch, 
the circulating cooling water 10 lb., and the high- 
pressure water system for the pistons, &c., is 20 lb. to 
22 Ib. per square inch, 

Fig. 16 reproduces a photograph taken on the tpp 
platform looking forward, and shows the services in 
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separate funnels, included in the same outer casing that 
carries the two exhaust pipes from the main engines,fas 
is well illustrated in the sectional elevation, Fig. 11, 
about frame 38. In the engine-room on the floor level 
are placed on the port side a Contraflo condenser for 
the auxiliary exhaust, a Brotherhood compressor of a 


capacity of 150 cub. ft. per minute compress ng to | be 


600 Ib. per square inch for the starting‘air reservoirs, 
a feed water cleanser and the feed pumps. Similarly 
on the starboard side are the ballast pump and the fuel 
oil transfer pump. In the wings are the fire and bilge 
pump, and t. pong A water circulating pump, whilst 
between the main Michell thrust blocks is a stand-b 

lubricating oil pump. The stern tube is fitted with 
glands and is kept supplied with lubricating oil from a 
tank in the engine-room. The propellers are of solid 
cast bronze, outward turning, and are three-bladed. 
On a flat at the after end of the engine-room is a 
refrigerating engine, a Vickers- Petter 25-kw. oil engine 
and dynamo, and a Matthew Paul steam-driven 
dynamo. These two machines are seen in the view of 
this flat, Fig. 15.. The windlass and cargo winches, 


three of which latter are fitted, are steam-driven, two. 


of the winches having cylinders 7 in. by 9 in. and one 
8 in. by 12 in. There remains the steering gear. 
Instead of being steam driven, this is of the electro- 
hydraulic type. An electric motor driving a Williams- 


Fic. 15. Tor Fiat, seowrnaJAuxiLiaRigs, 


connection with the port engine. The flexible pipes 
lead the water in and out of the exhaust valves. The 
service fitted for cooling the exhaust valve cages is 
also shown. The auxiliary service for the cylinder 
heads sweeps across the face of the head exposed to 
combustion and prevents the lodgement of deposits of 
mud from the circulating water. Open funnels are 
provided where the discharge is visible. Individual 
slotted pipes to each cylinder serve for the induction 
air. The exhaust pipes are well lagged, and the main 
along the‘back of the engine is protected as well with 
planished steel. 

As evidence of the care bestowed upon the design 
mention might be made of the cylinder lubrication. 
Two lead Fost hewn of four pumps each, feed to each 
liner whieh is provided with eight feeds, so that in the 
event of any one or more of the leads becoming stopped 
up an omely supply of lubricant is assured. 

To turn to the machinery installation apart from the 
main engine, steam is generated in two boilers, the 
larger a cylindrical boiler with three furnaces can 
be seen in the illustrations, It is carried on beams 
over the forward end of the main engines (Fig, 9), 
and is also shown in the sections, Figs. 11 and 12. 
The smaller serves for the supply of steam for all 
purposes when the ship is under way, and is placed 
‘n & compartment forward of the main engines. This 
boiler is of the Cochrane vertical type. Both are 
fitted with the White system of oil-fel burning by 
Messrs. Brigham and Cowan, including pumps, heaters, 
filters, &. The gases from the boilers are led up 





Janney variable speed oil pump supplies the power 
to rams operating on the tiller of the rudder. This 
gear is very economical ‘and silent in operation, 
and experience has shown that the sensitive control 
possible enables a ship toJbe kept on its course with 
very much less movement of the rudder than with the 
usual steam gear. On trial the amount of current taken 
when the rudder was in normal action to maintain a 
straight course was 5 amperes. 

The trials were attended by Messrs. Powell and 
Hamilton, directors of the Anglo-American Oil Com- 
pany, Mr. Bramwell, their Liverpool manager, and Mr. 
Maclean, the manager of their Shipping Department. 
The weather was fair, sea calm, with a light wind 
most of the time. An 8-mile course was traversed 
both ‘ways at full power to ascertain the speed, 
the trial being continued for 6 hours, The 
guarantee. speed of the ship, 10°5 knots, was well 
exceeded, the mean speed on this trial being 11°24 
knots, the ship being ballasted down to her marks. 
The brake horse-power corresponding to this speed is 
a total of 2,650 brake horse-power or 1,325 brake 
horse-power per engine at an average of 123°5 r.p.m. 
During 3 hours of the 6 hours’ trial the fuel consumption 
of the main engines was accurately measured and gave 
a figure which for 24 hours represents a consumption of 


10°8 tons, or less than 0°42 lb. per brake horse-power | Press™ 


per hour for these Diesel engines. The fuel oil used was 
Anglo-American Diesel oil of a specific gravity of 0-894 
and a full calorific value. During the whole of the trial 
the exhaust was excellent, only a slight haze, attribut- 


719 
able to the main engines, being visible above the main 
funnel. Any smoke which occasi showed was due 
to the d boiler in action for the driving of 
auxiliaries. n starting up the engines a puff of 
lubricating oil smoke could be observed, but on trial 


trips the supply of lubricant is more ample than will 
—s when on service. 
During the trial exhaust gas analyses were taken, 
and showed that combustion was complete. A typical 
Fig 4. 
Cylinder N? 6 Fort. 
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indicator card taken from cylinder No. 6 port while 
on ed trial, is given in Fig. 18. From this it 
can seen that the combustion is taking place 
well towards the beginning of the power stroke as 
is desirable. The compression pressure reads 420 Ib. 
to 440 Ib. per square inch, and the maximum 
pressure less than 500 Ib. per square inch. This is a 
very satisfactory card, Throughout the trial the 
engine ran steadily and entirely free from any sign of 
vibration, while the starting was particularly smooth. 
In every way the trial was a complete success, and 
all concern emer | the designers and constructors 
are to be congratula’ 





PHYSICAL SOCIETY OF LONDON. 

Ar the meeting of the Physical Society of London, 
held on Friday, May 14, 1920, at the Imperial College 
of Science, Professor Sir W. H. Bragg, F.R.8., President, 
in the chair, a Demonstration of Experiments on the 
Thermionic Properties of Hot Filaments was given by 
Dr. F. Lloyd Hopwood. 

The experiments shown were some of those described 
by Dr. Hopwood in the Philosophical Magazine, March, 
1915, page 362, in which the glowing filament of a carbon 
lamp, and glowing filaments of nichrome and platinum 
in air are made to move under the influence of positively 
and negatively charged rods brought into or withdrawn 
from their vicinity ; the character of the effects observed 
being such as to give a qualitative indication of the 
thermionic emission from the filaments. In addition he 
showed a type of tilted electroscope in which the gold 
leaf was rep by a narrow loop of Wollaston wire. 
When a4 current is passed through the wire so as to make 
it glow, it forms an electroscope of different sensitivity 
for +ve and —ve ——_. 

u ion.—Mr. W. R. Cooper asked if the experiments 
had been tried with lamps lacquered with coloured 
lacquers. He had seen one covered with a red lacquer, 
the filament of which would move about following move- 
ments of the finger outside. Dr, D. Owen asked what 
was the explanation of the asymmetry of the electroscope. 
Did it depend on the direction of the current in the 
filament, or did it work as well with alternating current ? 
Dr. Hopwood said it was possible with lacquered lamps 
that one got an adventitious charge on the globe which 
reacted on the filament. He mentioned that during the 
war he knew of a number of lamps which in order to 
obscure them were diprs in “tantalum paint.” This 
was so easily electri when touched by dry hands 
that about 50 per cent. of the filaments broke. In reply 
to Dr. Owen, he added that the electroscope worked 
equally well with alternating current. 

A paper on “ A Modified Theory of the Crookes Radio- 
meter" was read by Mr. G. D. West. The paper gives a 
short account of a theory of the Crookes iometer 
worked out by Sutherland in 1896, but unfortunately 
much neglected. The theory as it stands will not explain 
many sadiometete phenomena, but it is shown that when 
modifications, depending on the modern knowledge of 
thermal surface conditions, are made, such explanations 
become possible. Radiometer action, especially at the 
higher gas pressures, would appear to depend essentially 
on the formation of gas currents near the radiometer 
vane. These currents are distinct from convection 
currents, but aré closely associated with the phenomena 
of thermal transpiration. 

Discussion.—Mr. F. J. W. Whipple pointed out that 
as the isothermals weré drawn in Fig. 4 they indicated 
that the colder side of the vane was actually colder than 
the walls of the bulb, whereas actually it was hotter. 
He indicated alterations in the shape of the isothermals 
which would correct this. In connection with the general 

resentation of the blem he would have liked it 

tter if it had been based more on kinetic theory and 
less on hydrodynamical flow. It was necessary to intro- 
duce kinetic theory to explain the difference of pressure 
between the hot and cold ends of a tube. When the 
mean free path was large, a particle entering one end of 
the tube would strike the sides tangentially and pass 
through the tube. When equilibrium was reached the 
number of particles entering at each end must be equal, 
so that pv= p’v’. But the condition for equality of 
re was p 2% = p' v’t. 

Mr. West, in reply, said he was not quite clear at the 
moment on the point raised about Fig. 4. He would look 
into it and communicate 4 nF In an earlier paper 
he had pointed out what Mr. Whipple had just mentioned, 





that at low pressures it was the conservation of matter 
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that determined ae while at high pressures it 
was the equality of pressures. 

A paper ‘On the M. i spooatige pom Iron 
(Stalloy) in Alternating Magnetic Fields of Low Value,” 
by Mr. Albert ing tee was read by Mr. D. W. Dye. 
Mbiwucemsite are described of the hysteresis losses in 
silicon iron sheet and wires in very low alternating 
magnetic fields at low and telephonic frequencies using 
an alternating current met descri in a former 

per. The equations giving the hysteresis losses as a 

unction of Bax. are deduced in the case of the sheet 
material at low frequencies for ranges of Himax. from 
0 -0002 to 0-02. Comparisons are made between sheet 
material and wires of different diameters, and curves 
are given showing the great improvement in the perme- 
ability of wires when they are ann The behaviour 
of the material is studied, both by ballistic tests and at 
telephonic frequencies, as regards the alternating field 
when direct-current fields of various values are applied 
at the same time. 

Discussion.—Mr. Pollock said he was much interested 
in the method of measurement and would try it at the 
first opportunity. He had usually employed modified 
bridge methods and had got down to magnetising fields 
of 0-02, but not so far down as the author. was 





interested in the formula for eddy current losses. He] 


had frequently found in measurements with fine wire 
cores that the eddy current loss takes jumps due to the 
E.M.F.s set up being sufficient to make the currents pass 
from one strand to another, and he thought it was 
impossible to calculate the eddy current losses by any 
formula. It was important in practice when measuring 
the losses in stranded cores to take account of the value 
of the magnetic field to which the core would be subject 
in use, for with some fields the eddy currents would pass 
from strand to strand, while with others they would not. 
He was interested in the conclusion that hysteresis loss 
was proportional to the square of the flux density. He 
had fad the impression that the loss became very small 
at very low fields. With regard to the figure showing the 
permeabilities for unannealed and led stalloy, it 
was most important in telephone work that the cores 
of the loading coils should be of constant permeability 
over the range of field to which they were subject in use. 
Unfortunately such cores were liable to damage by 
excessive magnetisation due to accidental currents 
flowing through the coils, as their permeability did not 
return to its initial value. Many of the old coils had lost 





about 15 per cent. of their inductance from such causes. 
This could only be recovered by re-annealing and un- 
fortunately annealed stalloy had not constant perme- 
ability. On this account the Americans were beginning 


to use ular cores. 

Mr. Ritter asked if the windings were absolutely dry, 
as he had found that a trace of moisture in the dielectric 
caused quite appreciable losses. He emphasised the 
importance of constant permeability in the iron used for 
loading coils. When a cable was loaded the impedance 
depended on the square root of the ratio of the inductance 
to the capacity per unit length. If the impedance altered 
with the current, difficulties were introduced, especially 
since the use of amplifiers became general. 

Mr. Dye said the greatest care was always taken in 
winding the coils to prevent the ibility of moisture 
being present. As regards the telephone coils, was the iron 
in its virgin ne to start i c. 2 _ cores were 
magnetised strongly to begin with and then demagnetised, 
the properties in that state being used as the basis of 
design, it would always be possible to regain the initial 
condition without ae 

A paper “On Tracin ye Through an Optical 
System,” was read by . T. Smith. Equations for 
tracing rays in an axial plane through an optical system 
have the normal refraction terms separa from those 
representing aberrations. By expressing the latter as 
a fraction with the first order aberration as the numerator 
and a correcting factor, which may take various forms, 
as the denominator, rays may be traced exactly through 
the system using a short table of cosines in terms of 
sines in place of the extensive tables, giving sines in terms 
of angles generally employed. A considerable saving of 
time is effected in the calculations and the estimation, 
without calculation, of the aberrations of other rays is 
facilitated. 





LONDON TRAFFIC AND GARDEN CITIES. 
To tas Eprror or ENGINEERING. 

Str,—I am much interested in the article on ‘‘ London 
Traffic ” in your issue of the 14th inst. Its closing words, 
which I venture to quote, are very forcible: ‘‘ At present 
we have people building at various places—others are 
discussing transport. Before the question will be solved 
all these must come together and work together instead 
of putting up requi ts for some one to fulfil without 
— to their feasibility or advisability.” 








will be saved, and some reduction also made in the strain 
on the transport system of the country generally. 

The problem is so vast that the effect of two or three 
such towns will .be scarcely noticeable. But multiply 
such mpc as Letchworth and Welwyn by the dozen 
and the good effects will be very clearly seen, while the 
health of the people who go and the health of those who 
remain will be greatly improved and much cause for 
discontent on the part of the workers will be removed. 

Yours faithfully, 
EBENEZER Howarp. 

3, Gray’s Inn-place, Gray’s Inn, London, W.C., 

May 19, 1920. 


(The words quoted by our correspondent were not 
intended to apply to advocates of carefully-planned 
garden cities or satellite towns. Recent articles in these 
columns (such as those on pages 121 and 517 ante) show 
that we consider these enterprises capable of affording 
relief to some vexed London problems.—Ep. E.] 





“LOAD FACTORS FOR AEROPLANES AND 
SEAPLANES.” 
To Tue Eprror or ENGINEERING. 

Smr,—The Report of the Sub-Committee on Load 
Factors for aeroplanes and seaplanes, published in your 
issue of April 16, has been the subject of considerable 
criticism, but one clause, which appears to me to be irra- 
tional, seems previously to have escaped notice. As it is 
somewhat involved it is perhaps best to reproduce this 
clause, which reads : ‘‘ In all calculations and in specifi- 
cations of load factors and factors of safety, design 
figures should be employed and not those obtained from 
breaking tests. Further, when dealing with steel tubes, 
the specifications of the i ing Standards Com- 
mittee, based on the figures for yield-points are approved 
for stress calculation purposes ; for st wires the 
breaking load should be taken in preference to the yield 
point, which is in these cases, ill-defined.” 

Those acquainted with oes design will take the 
above to mean that the stre of aerop parts other 
than tubular parts is to be taken as the calculated failing 
load, but the of tubular parts is to be taken as 
the load that p' @ stress equal to the minimum 
yield stress. The calculated failing load of many forms of 
tubular parts is 50 per cent. greater than the load at 
inna that such parts are required by the Report to 

ve @ load factor 50 Fr cent. greater than other parts 
of the structure. Such inequality in strength decreases 
efficiency without increasing safety and hence enforces 
bad design. Ge corte toate, oath Gs lending axles, it 
will decrease safety, because a tubular axle after it starts 
to ay will absorb a great pene of aye og doen 
save the undercarriage or other vital parts from failing, 
and sc converting a bad landing into a crash. 

The experience gained during the war showed that 
with the ordinary undercarriage the most satisfactory 
axles "i which on test had . ae factor 4 
3-5 to 4. Report now uires the same type o 
machine to have axles about these times er 
this. It is certain that the will be at 
anearly date, and I wish, t: to point out a further, 
ond Cr oe eee ee 
quoted clause. 

The standard tube specifications referred to in the 
Report contain curves and tables giving the strength of 
each size of tube as a strut orasa beam. These strengths 
represent the load that would just develop the specified 
i ield stress in the most y bent, most 
peer and enero — ble under the 
specifications—in a tube, in fact, combini in 
itself all the defects that are usually left to Ey senpdies 
t These are evidently the 
figures for tubes that the Report regards as of the same 
value as the calculated failing, load of wood and other 
parts. ‘The standard specifications for high-tensile steel 
tubes for axles requires every tube to be proof loaded 
to the figure given in the specification as its strength 
at yield, and only tubes are for use that are not 
sensibly bent in this test. The failing strength of axle 
tubes is more than 30 per cent. above this _— Ine 
specification for high-tensile steel tubes for general 
purposes that is about to be issued, each tube is roe! 
proof-loaded to the specified yield stress. All t 
thoroughness of en has been undertaken by the 
manufacturers to enable a safe strength figure to be 
given for each tube on which the designer can absolutely 
rely, so that he need employ the minimum factor of 
ignorance. Instead of utilising this thoroughness of 
testing the Re penalises it to an extent that it will 
prevent tubes being used for many purposes for which 
they are in reality better suited than wooden members. 

I think the “Sub-Committee ”’ will that a 
one factor of ignorance must be used with wood than 
with steel to obtain equal safety, and hence if the load 


fact 





ow certainly this yee a cannot be levelled against 
those who advocate garden cities. For garden city 
proposals, already illustratec at Letchworth, Herts., 
where there are now 40 factories in what was a few years 
ago @ decaying agricultural cistrict—and about to be 
further developed at Welwyn, within 21 miles of London, 
do deal simultaneously with the problems you refer to, 
and indeed with others also. And this in the most 
economical fashion that has ever been devised. For by 
decentralising industries, and by providing London 
workers, who now s' long hours and much money 
and energy in travelling in discomfort to themselves and 
their neighbours, with comfortable cottages with 

gardens, within a short distance of their work and 

play, some diminution of the strain on London's traffic 
system will be effected. Further, by thus bringing many 
consumers within easy reach of supplies of » Veget- 
ables, fruit, &c. (in addition to the produce of their own 
gardens), food values now lost by delays in transport 


pecified by the sub-committee include a sufficient 
“* factor of ignorance "’ for wood, smaller load factors will 
ive equal safety with steel and still smaller “‘load 
tors’ will give equal safety with steel members 
that have each proof loaded to loads corresponding 
to these “‘load factors.” In my opinion a steel member 
that has been proof-loaded without injury to load of 
5 W is more certainly good for a load of 4} W than a 
wooden member having a calculated failing load of 8 W. 
I consider that the report seriously and unfairly 
handicaps the designer who is endeavouring to repl 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Cost of Labour Unrest.—The effect of repeated 
stoppages in iron and steel production, due to labour 
unrest, is strikingly illustrated in the case of the Parkgate 
Iron and Steel Works, Sheffield. These works were 
stopped for 13 weeks, or a full quarter of the past year. 
Loss in output aggregated 40,000 tons, while loss in 
wages amounted to 140,000/. This is only one of very 
many instances, but serves to emphasise the seriousness 
of the pogition. 


Iron and Steel.—So busy have been the engineering 
trades J owed during the past six months, that in most 
cases advantage was taken of the advent of Whitsuntide 
to close down works for four to five days. During the 
interval a large t of y repair work has 
been undertaken, particularly in rolling mills, where 
the tremendous pressure on output has brought defects 
in oom into prominence. A resumption of activity 
finds the bulk of the engineering sections with extensive 
order books and fair prospects. The impression sought 
to be created in certain quarters that a marked slump 
has already set in in engineering purchases, is not borne 
out by a close examination of the position. Continental 
trade is distinctly easier, but otherwise there is a strong 
demand on home and Colonial account, and the number 
of firms booked up from six to twelve months ahead 
represent the rule rather than the exception. Deficiency 
of ‘rolling-mill output is a problem that will have to be 
faced seriously if progress is to be made unhindered. 
Developments are in prospect in this connection. The 
latest is that the Tinsley Rolling Mills Company proposes 
to erect a modern, well-equipped mill on a site adjacent 
to their existing works. Deficiency of rolling-mill 
tonnage is also reacting unfavourably on the trade in mild 
steels, where the demand tends to increase rather than 
to diminish. Users have the greatest difficulty in 
securing — supplies of ship plates and sheets. 
Scarcity of shipbuilding material, in fact, is an out- 
standing feature, and local engineering firms with allied 
concerns in the north are reported to be inviting quota- 
tions from Continental producers to supplement British 
deliveries. This — principally to castings, which 
are being sought from Holland. The institution of 
revised prices does not appear to have checked the 
consistent improvement in the American demand for 
high-speed steel. Makers of special steels generally 
report a robust trade, though the shortage of vanadium 
is causing anxiety and is compelling them to investigate 
for substitutes. Makers of agricultural machinery and 
of automobile parts are experiencing @ busy season. In 
the lighter trades the demand for garden shears and 
sheep shears is well in excess of output, though makers 
of other garden implements report that business is 
adversely affected by the shrinkage in the allotments 
movement. The new quotations for raw and semi- 
finished materials represent advances ranging from 
108. to 40s. per ton. Hematites have risen 10s., forge 
and foundry iron 12s. 6d. to 15s., billets 30s., and bars 
and hoop iron 30s. to 40s. Derbyshire foundry is quoted 
at 182. per ton for delivery in Sheffield. The current price 
for Bessemer acid billets is 28/. 15s8., for Siemens acid 
291. 158., hard basic 26/., and soft basic 251. 10s. 


South Yorkshire Coal Trade.—Following the advance 
of 4s, 2d. per ton on industrial fuel, coke has risen 8:., 
and even at that figure is very difficult to obtain. Quite 
a number of furnaces and foundries are carrying on from 
day to day with the prospect of intermittent stoppages. 
The deficiency of transport facilities increases the 
difficulty of manufacturers. The strength of the market 
for best steam hards is fully maintained owing to the 


gen. ag on supplies. Railway companies are taking 
vy tonnages. Cobbles, nuts and slacks are scarce. 
Contractors have to exercise a good deal of pressure to 
obtain contract deliveries. The demand for house coal 
is distinctly easier, but merchants have large arrears 
to make up, and supplies are coming forward badly. 
Nominal quotations : t branch handpicked, 37s. 2d. 
to 38s. 2d.; Barnsley best Silkstone, 37s. 2d. to 378. 8d. ; 
Derbyshire best brights, 35s. 2d. to 36s. 2d. ; Derbyshire 
house coal, 32s. 8d. to 338. 2d. ; — best large 





nuts, 32s. 8d. to 33s. 8d.; Derbyshire small nuts, 
81s, 8d. to 328, 8d. ; Yorkshire hards,§32s, 8d. to 33. 8d. ; 
Derbyshire hards, 32s. 8d. to 33s. 8d.; rough slacks, 
28s. 2d. to 298. 2d.; nutty slacks, 27s. 2d. to 28s. 2d. ; 
smalls, 238. 2d. to 248. 2d. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBprovucH, Wednesday. 

The Cleveland Iron Trade.—Holidays have interfered 
greatly with business this week. Cleveland pig-iron 
continues exceedingly scarce. Supply falls short of 
meeting home needs, so that it is not at all surprising to 
find makers adhering to their decision not to sell for 
export even to the allies. While there are still good 
inquiries on Continental account, some regular customers 
abroad complain of the very high rates now ruling, 
which are about four times greater than pre-war quote- 
tions. For home consumption, No. 1 Cleveland pig-iron 
is 230s. and No. 3, as well as the inferior qualities, is 
2178. 6d. 


Hematite Iron.—Shortage of East Coast hematite, 





wood with metal in lane construction, and I trust 
the re will be revised at an early date to permit the 
increased 


use of lower load factors commensurate with the 
from the use of more reliable materials 
usive methods of testing. 
Yours ae aS f 
H. N. Wrurm, B.Sc. 


safety resul 
and more 





14, Church-road, Richmond, Surrey, May 12, 1920. 





while hardly so acute as is that of Cleveland pig-iron, 
is pronounced, and buyers ee greatest difficulty 
in placing orders on either home or foreign account. 
Any iron on the market is promptly snapped up, 

some ign customers are ao S| to be 
somewhat less inclined to do much buying at current 
rates. Producers, generally, are well placed, and are not 
at all pressing business. To home customers, No. ! is 
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262s. 6d. and mixed Nos. are 260s.; and for shipment 
to France, Belgium and Italy, No. 1 is 267s, 6d. and 
Nos. 1, 2 and 3 are 265s. 

Foreign Ore.—The foreign ore trade presents no new 
feature of moment. Consumers are carrying considerable 
stocks, and large quantities are coming forward in 
fulfilment of running contracts, so that, for the time 
being, little disposition to buy is noticeable. Users, in 
fact, confidently anticipate the market will become 
more in their favour in the near future. Nominally 
rubio, of 50 per cent. quality, is 49s. on the 17s. parity 
freight, Bilbao-Middlesbrough, which is equal to 59s. 
c.i.f. Tees for best rubio as steamers are being c 
from Bilbao at 27s. 


Coke.—Coke keeps steady and firm. Heavy local 
demand is now met by ample supply. For home use 
medium blast-furnace kind is 62s. bd. low phosphorus 
sort 658. 3d,., and foundry description 70s. Gas 
coke, for export, is quoted 150s. 


Manufactured Iron and Steel.—In finished iron and 
steel the dominating factor is still inadequate means of 
transport. Most firms took their customary two days 
Whitsuntide holiday, but owing to the great congestion, 
due to lack of means of distribution, operations at the 
huge Britannia Works of Messrs. Dorman, Long and Co., 
have been suspended for a longer period, two steel mills 
there have closed for a fortnight, and other two for a 
week. The following are among the principal reeognised 
market quotations, at which, however, it is difficult to 
make purchases :—Common iron bars, 28/. 10s.; marked 
bars, 30/. 108. ; rivets, 36/.; steel ship, bridge and tank 
plates, 23/. 108.; steel angles, 231.; steel joists, 231. ; 
soft steel billets, 257. 10s.; hard steel billets, 267. 10s. ; 
heavy sections of steel rails, 23/.; and fish plates, 28/. 


Dockers’ Strike Ended.—The dockers and other river- 
side men in this district have returned to work, and 
referred the points in dispute to the negotiating com- 
mittee for adjustment. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

State of Trade.—Much activity continues to prevail 
in the majority of the industries throughout the country, 
but one or two trades are suffering slightly from scarcity 
of raw material. A factor which may tend to cause a 
check to business is the exceedingly high prices to 
which everything has gone. Much new work was held 
back during the war years, and when the time for carrying 
some of the projects through seemed propitious a start 
was made, but forall in getting material, coupled with 
steadily rising prices, have told seriously all round. In 
one or two instances new work is being held back on 
account of the heavy costs and in the hope that a fall 
may come in the near future. Buyers seem convinced 
that prices must ease off, but there is as yet little indica- 
tion in that direction, particularly in the iron and steel 
industries. There are plenty of orders for all classes of 
material, and wherever production depends chiefly on 
labour there can be little or no fall in prices in the mean- 
time. Erection work which had got to the stage for the 
joiners to commence o tions has had a serious check 
owing to the strike in that trade. As there seemed little 
prospect of an early settlement, many of the joiners have 
now gone south employment. Through a dispute 
as to the method of payment all the platers’ helpers 
on the Clyde are now out on strike, and some 6,000 men 
are involved. , 

Scotch Steel Trade.—The position of things in the steel 
trade of Scotland has not changed over the week, and all 
the works are as busily employed as ever. The sho: 
of raw material is still keenly felt, and production is 
therefore not as good as it might be under more favourable 
circumstances. The output is, nevertheless, on a lar; 
scale, and consumers keep pressing for deliveries, which, 
7 say, fall far short of their requirements. It is an 

oubted fact that the demand for steel for use at 
home was never larger than at the present time, nor of 
such a sustained character, and everything points to this 
state lasting for some time. The latest advance in prices 
may have some effect on buying, but so far the demand 
cannot be met, and those who hold off are only assisting 
those who don’t because the ibable date of delivery 
oe 9 ee ee and boiler plates, as 


galvanised sheets are also in good request. Sectional 
material is a shade easier and delivery me is not so 
pronounced. The export trade is not yet of any great 
volume. Steel scrap (heavy smelting) has been raised 
by 20s. per ton, and is now 11/. 10s. per ton, delivered 


NOTICES OF MEETINGS. 


Tue Junior InstiruTion or ENGINEERS.—Friday, 
May 28, at 7.30 p.m., in the Lecture Hall, Public Library. 


Plymouth, Inaugural Meeting of South-Western Local 
Section. 


Tue Paysicar Sociery or Lonpon.—Friday, May 28, 
at 5 p.m., at the Imperial College of Science, Imperial 
Institute-road, South Kensington, London, su. A 
discussion on “** X-Ray —— will be held, to be 
opened by the President, Sir W. H. Bragg, F.R.S. 

Tue Norrs or Encranp Inerirure or MINING AND 
Mezconantcat Encinzrrs.—Saturday, | 29, at 2 p.m., 
a General Meeting of the Associates and Students in the 
Wood Memorial Hall, Newcastle-upon-Tyne. The 
following papers will be open for discussion: ‘‘ Steam 
Economy,” by Mr. Philip Kirkup, Junr.; ‘‘ New 
Suggestions on the Prevention of Coaldust,”’ by Mr. 8. 8. 
Chu; “‘A Few Notes on Coaldust Experiments,” by 
Mr. R. W. Anderson. ‘The following papers will be read 
or taken as read: “ Practical on Gob Fires,”’ by 
Mr. William Leebetter; ‘The Welding of a 
Corroded Boiler Shell,” by Mr. A. K. Dawson. 


Tue Surveyors’ Instrrvtion.—Monday, May 31, 
at 5 p.m., Annual General Meeting in the Lecture Hall, 
to receive the Report of the Council and the announce- 
ment of the t of the Election of Officers for the 
ensuing year. 


Tae Instrrvtion or Gas Enoinerrs.—Tuesday, 
Wednesday and Thursday, June 1, 2 and 3, Annual 
General Meeting at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster. ‘The president, 
Sir Dugald Clerk, K.B.E., F.R.8., will take the chair. 
Tuesday, June 1, at 10.30a.m.: Address by the president. 
— of Refractory Materials Research Committee 
to nted by the chairman, Mr. A. E. Broadberry : 
The ing of Gas Retorts”; (6b) ‘‘Some Com- 
ive Tests of Machine-made and Hand-made Silica 

ricks”; (c) “The Specific Heats of Refractor 

i ” Report of the Life 
of Gas Meters Committee: ‘“‘The Internal 
Corrosion of Mains, Services and Meters,” to be presented 
by Mr. J. G. — , Chemist to the Committee. ~— 
of Institution Research Fellowship: ‘‘Some High 
Tem; Reactions of Toluene and Benzene,’’ by 
Dr. 8. F. Dufton and Professor John W. Cobb, C.B.E., 
B.Sc. Wednesday, June 2, at 10 a.m.: Annual General 
of the Benevolent Fund. After the meeting of 
the Benevolent Fund the Institution’s Meeting will be 
resumed. Third Report of the Gas Investigation 
Committee. Thursday, June 3, at 10 a.m.: Paper on 
**Carbonisation,” by the Society of British Gas Indus- 
tries. ‘‘Oxygen in Gas Production,” by Mr. H. J. 
Hodsman, M.8c., and Professor John W. Cobb, C.B.E., 
B.Sc. ‘Electricity Supply by Gas Companies,” by 
Mr. Joseph Fisher, of Tottenham. ‘*Contemplations on 
the Report of the Fuel Research Board,” by Mr. Godfrey 
Warburton, of Tottenham. 




































































NOTES FROM THE SOUTH-WEST. 
CarpirFr, Wednesday. 

The Coal Markets.—Details of the Controller’s pro- 
posals in connection with the decentralisation of control 
in the coal industry are to be presented to a meeting of 
the South Wales Coalowners’ Association, and also to 
coal exporters, on Friday. Meanwhile business on the 
coal markets has been temper woe 4 suspended as, in view 
of the three days’ holiday of the miners and the conse- 
quent loss in production, the Coal Mines Department 
have refused to release practically any coal for export, 
almost the whole of the immediate output being required 
for home consumers and the bunkering of Sonsels: Ship- 
ments of coal foreign from South Wales last week 
amounted to 288,858 tons, or 11,790 tons less than in 
the previous week. Of the total, 189,487 tons, or 
65 per cent. went to France, 15,005 tons to Italy, 10,901 
tons to South America, 4,943 tons to Spain, 11,687 tons 
to Portugal, 37,476 tons to British coaling depots and 
19,359 tons to other countries. As the workers on the 
docks were idle for the first couple of days this week, 
and as the miners are not expected to return to work in 
full force until next week, business is likely to rémain 
at a virtual standstill. The docks are still congested 
with tonnage, though there are not so many vessels 
waiting in the roads as was the case a few weeks ago, 
and shippers experience much difficulty in making up 
even small and arrangi for their bunker 
requirements. ices in the circumstances are more 
or less nominal on the basis of 115s. for large, 110s. 
throughs, and 92s. 6d. to 978. 6d. for smalls. A couple 
of cargoes of foundry coke has been released for export 
for the first time for the past six weeks. The export 
embargo remains, but these cargoes were released so as 
~ a— makers to keep their ovens going over the 
10lidays. 


Important Coal and Fuel Deals.—A couple of important 
deals have been reported during the past week. The 
Ebbw Vale Steel, Iron and Coal Company, in conjunction 
with T. Beynon and Co., Limited, Cardiff, have acquired 
4 controlling interest in Lancaster’s Steam Coal Collieries, 
Limited, and now control an output of about 6,000,000 
tons per annum. Messrs. D. R. yn, H. 8. 
and H. H. Merrett have acquired the whole of the 
capital of 400,0001. of the Crown Preserved Coal Company, 
and now control about 80 per cent. of the —— of 
coal briquettes of the ig, «Renae deal involves a 
sum approaching 2,000,0001. . Llewellyn, Berry, 

Merrett, T. J. C and P. Miles have also acquired | societies 
the share capital of the Blaenclydach Colliery Company, 
which has an output of about 100,000 tons per annum. 


Malleable Iron Trade.—In the malleable iron trade 
of the West of Scotland there is still great activity, and 
makers are so fully —- with orders that their 
output for some time is all earmarked. The home trade 
is consuming a very 4 * tonnage of iron, and ne 
inquiries are on quite a large scale. Strong prices rule, 
and no easing off is anticipated. ‘‘Crown’”’ bars are 
being put through round 281. per ton, for local delivery. 

Scotch Pig-Iron Trade.—The most outstanding feature 
in the Scotch pig-iron trade is the continued scarcity of 
foun iron and the enormous quantity being requisi- 
i y home buyers. None seem able to secure : 


Tue Roya Instirvrion or Great Brirain.— 
Friday, June 4, at 9 . the Friday Evening Discourse 
will be delivered by Sir Ronald Ross, K.C.B., K.C.M.G., 
M.D., LL.D., D.8c., F.R.8. The subject is ‘‘ Science 
and 4y Afternoon Lectures, at 3 p.m.: Tuesday, 

jor C. E. Inglis, O.B.E., in. on “The 
Evolution of Large Bridge Construction " (Lecture II) ; 
Thursday, June 3, Mr. William Archer, M.A., on 
‘* Dreams—With Special Reference to potest - 
(Lecture II); Saturday, June 5, Mr. J. H. Jeans, LL.D., 
F.R.S., on “ Recent in Physical Science— 


i 


are endeavo to apportion their output to the 
best of their ability and so keep all customers moving. 
Similar conditions rule in regard to hematite iron, and 
very large quantities are being used in the various steel 
works despite the high price of 14/. 5s. per ton now asked. 
The home price for No. 1 foundry iron is from 131. 108, 
to 141. per ton, while the export quotation is called 





Giascow Suirpuitpinec, Encinerrine anv E1ec- 
TRICAL ee advance penapeotus - Lo seed 
issued a ipbuilding, engineering and electrica 
exhibition to be held at Kelvin Hall, Glasgow, from 
oted by the f a: rs 

ration o w, and the 
— ts Mr Jomoes M. Freer, Kelvin Hall, 


maximum prices to be charged for this fertiliser in the 
. These are the maximum net 
cash prices for sulphate of ammonia containing 24} per 
cent. by t of ammonia, in makers’ 2-cwt. 

delivered in quantitic) of not less than 4 tons to 
purchasers or customers nearest railway station or wharf 
in Great Britain, or f.o.b. British port in the case of sales 
to Ireland, Isle of Man, or the Channel Islands, and are 
subject to a trade discount in the case of sales to manure 
mixers, merchants, dealers, and co-operative | J. © 


Price ‘Ton, 
in 





Tae Witsvr Wricutr Lecrurs.—As mentioned on 
489 of our issue of April 9, the Wilbur Wright lecture 
be delivered on Tuesday, June 22, at the Central 
Hall, Westminster, but the time has been altered from 
. _ which is by Commander 


i 


the chair. Members of the Aeronautical Society 
and friends, should appl 
for tickets for reserved seats, which mil 





Tron and Steel Trades.—It was on the Swansea : to the 
tin-plote selene thet India, hi = : Meath ot Delivery = “ * be allotted in the order of application. 
a = pag ge a 2 sete works at August 4 24 0 0 Usiverstry Cottzcz Exomxrame Forp.—H.R.H 

ngal with a capacity of about 30, tons, or ms a 6 received ‘important 
nearly half of the total exports of Welsh tin plates in eee :,- peer sy re mre eve Gapestans 
1914. Makers are, however, not much disturbed by Moveniias 2 oS “i . 2510 0 from pk Be viz. B00! from Mr tite nens fareeen 
Welsh Piston il’ auend cos getnien eheni tana: a: 1. 26 0 0  |end 6001. from Mr. E. R. Stettinius. Other donations 
bilities of Chi cod ‘Australia folle om January, 1921 tes 26 10 0 received recently include: 26501., Gas Light and Coke 
ities of China, Japan and Australia f wag os . 27 0 0 Company 1001., Mr Percy Martin ; 60l., Igranic 
lead are not lost sight of. Meanwhile, in view of the fall March, aed Ma 2710 0: Adele pan Limited; and 5,000 francs, M. C. P 
in tin prices, quotations for tin plates are easier round yw < we / =. _ 

Fo other conditions of sale remain the same as during 


‘1s. for standard boxes, with business quiet. There is 
also less inquiry for galvdnised sheets, and for 
corrugateds makers are disposed to accept about ’ 








against 56/. a week ago. for of ammonia con 0-025 amounts to 32,3751. Further contributions are greatly 
cent. of free acid, and for sulphate needed in order to raise the fund as quickly as possible 

ee Seperate sat, ne ee to 70,0001., in order that the committee may avail 

Tae Instrvrion oF AUTOMOBILE — 5s. 6d., Ts. and 7s. 6d. per ton respectively, and a ee Gennes ee line to the tend 

A meeting was held on May 18 at the Birmi n}as the basis scale of prices now applies of 10,0001. by Lord y- Contributions to the fund 
Chamber of Commerce with a view to restarting the | quantities of 4 tons instead of 2 tons an additional charge | can be sent to H.R.H. Prince Arthur of Connaught at 
irmingh Graduates centre of the Institution of] of 5s. per ton is authorised for deliveries of 2 tons and | 42, Upper Grosvenor-street, W. 1, or to the Hon. 


Automobile Engineers. over, but less than 4 tons. Treasurer, Sir Ernest Moir, University College. 
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ENGINES OF THE MOTOR SHIP “NARRAGANSETT.” 


CONSTRUCTED BY MESSRS. VICKERS LIMITED, BARROW-IN-FURNESS. 


(For Description, see Page 716.) 
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MACHINERY OF THE MOTOR SHIP “ NARRAGAN@ T” 


CONSTRUCTED BY MESSRS, Vickggs LIMIT: 


(For Descriglli we Page 


Fig.4 





SECTION Mut FRA 
LOOKMG FORWA! 








10:0" 


1. OF CRANKSHAFT * 











ENGINE 
oll 


BAITING 


VORUUUEUUOURURREBOLEOETEN 


PLL 




















PLATE XXX1X. 
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4 THE FUTURE OF INDUSTRY. 
Kiyestty commenced his delightful, if not 
wholly trustworthy, lectures on the Roman and the 
Teuton by a parable in which he likened ancient 
Rome to a fairy palace or garden situated in a 
primeval wood. Inside the palace dwelt the Trolls 
watching their fairy treasures and by their cunning 
constantly creating fresh wealth. Outside the 
garden lay another race, poor and quarrelsome, 
and learning every day more and more of the wonders 
of the fairy palace. Finally they break in and 
master the owners, but the fairy wealth has dis- 
appeared no man knows where. ‘The conquerors 
captured all that the vanquished possessed save 
their cunning, and in this instance the word should 
retain its primitive meaning of ‘‘ know how,” and 
without this purely immaterial possession all that 
remained to the disappointed invaders were a few 
petty spoils. For many decades past the prole- 
tariat has been fed by our modern materialists 


"lon fairy tales as to the immense treasures that 


are to become theirs by the mere process of 
seizure, but were the socialisation of industry 
effected, triumphant democracy would undoubt- 
edly suffer a disillusion as astonishing as that 
encountered by the tribes which captured Rome. 
This, indeed, is precisely what has happened in 
Russia, where the wealth seized by the Bolsheviks 
disappeared for the most part in the very act. Thus 
from a comparatively rich and prosperous country 
that immense Empire has been reduced to a state 
of abject poverty, in which no one save a few officials 
can attain to more than a most meagre subsistence 
allowance, as his reward for compulsory labour 
enforced for 12 hours a day. 

The creative mind, in short, to which every great 
increment of wealth can be traced, fits in badly with 
either a communistic or a co-operative scheme of 
society. The man of genius is ever and necessarily 


124) an individualist. 
24 


We need not, however, go so far as Russia for 
evidence that the value of an undertaking is apt 


4 to diminish when its control is transferred from 


experts to the community, which in practiée means 
to politicians and bureaucrats. In the exceedingly 
interesting and informing ae the employees 
of the Allgemeine Elektricitats Gesellschaft of which 
we conclude the publication this week, Mr. Felix 
Deutsch observes that during the four years before 
the war the Berlin Electricity Works distributed to 
the shareholders some 6,129,000 marks annually. The 
city having a first charge of 10 per cent. on the gross 


ts profits received from 3,500,000 marks to 4,000,000 


marks annually, whilst in other taxes the company 
contributed annually to public purposes another 
3,000,000 marks. It thus appears that the share 
of the community in the profits of this undertaking 
exceeded by one-sixth that of the shareholders, 
and it should be noted that the public charges 





were first charges on the undertaking, although 





the public took none of the risks. Nevertheless 
the city having got much, desired more; and decided 
accordingly to acquire the undertaking. The result 
was an immediate fall in the profits, which con- 
tinued, and has ultimately led to the complete 
disappearance of all return to the new owners. Of 
course, the conditions have been abnormal during 
the past few years, and were it not that the ex- 
perience has been frequently paralleled here and in 
normal times, it would be unfair to quote it as an 
example of the futility of socialisation. Telegraph 
profits it will be remembered disappeared rapidly 
after being taken over by the State. Again, some 
fifteen years ago, a large borough in the London area 
refused to renew a lease of their tramways under- 
taking to the company then working it, in spite of 
the very liberal terms offered. The liberality of 
these terms was, in fact, used as an additional reason 
in favour of getting rid of the company, as it was 
argued that the profit on working must be extra- 
ordinarily high to have made such proposals pos- 
sible. The actual result of municipal manage- 
ment was the rapid disappearance of all profit 
whatsoever. A non-material something had dis- 
appeared with the transfer from private to public 
control, and with it vanished the anticipated large 
relief to the rates. Of course, had the town in 
question been situated outside the London area a 
nominal profit might have been secured (as is done 
in Manchester, Glasgow and other provincial cities), 
by denying to the public the advantages of novel 
and improved methods of transport, but it can 
hardly be doubted the loss to the public in those 
cities, thus occasioned, far exceeds in value the relief 
to the rates secured by this shortsighted policy. 
When, as in the London area, it is impracticable to 
establish a legal monopoly of transport, the cry of 
the social reformer is for what that self-constituted 
authority on the princip'es of mechanics and on 
transportation, the late Sir Lawrence Gomme, called 
the “organisation of the traffic.” This put into 
plain language means that when the railways were 
first introduced the traffic should have been so 
organised as to keep the stage coaches permanently 
in service. 

Whilst, as repeated experience has shown, the 
socialisation of an industry retards or inhibits the 
creation of wealth, it may be observed that under 
our present system of industrial organisation the 
proportion of the total profits taken by those who 
provide the ways and means is but a small fraction 
of that secured by the operatives employed. Some 
interesting figures on this head were afforded by 
the census of production taken in 1906. From the 
returns there made it appears that in the engineering 
trades the capital investment averaged some 180i. 
to 2001. per employee, and the average dividend 
did not exceed some 4} per cent. to 5 per cent. 
It is this small percen that constitutes 
the fairy wealth that the proletariat is urged 
to seize, and which, if it attempts to take, will 
disappear in the process. It amounts in all 
to some 9/, to 101. per head, and this figure 
is singularly confirmed by corresponding fi 
for Germany given by Mr. Deutsch. He states 
that the average return before the war on the 
capital of industrial concerns quoted on the Berlin 
stock exchange did not exceed 6 per cent., although 
only thoroughly sound concerns were admitted to 
quotation. Some 66 companies with, in the 
aggregate, 783,781 employees, paid over 10 per 
cent., and Mr. Deutsch has been ab’e to secure 
full data as to the distribution of the profits 
made by these exceptionally profitab'e under- 
takings. Of this total, salaries and wages took 
76+7, per cent.; rates and taxes, 11-7 per cent. ; 
and the shareholders, 11-6 per cent. If the whole 
of the proportion taken by the latter were distri- 
buted amongst the employees the amount received 
would have been 250 marks per head, or about 
121, 10s... In view of the exceptional prosperity of 
these companies this figure is in good agreement with 
that derived from a study of the British census 
returns. If, however, we reduce it in the proportion 
of 6 to 13, that is to say, in the proportion of the 
average dividend to the exceptional dividends paid 
by these particular companies, the maximum 
possible gain would amount to no more than some 
61. per head per annum, a margin which would 
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rapidly disappear when the control of experts was 
replaced by that of a committee of politicians. 

Of course, as Mr. Deutsch points out, the amounts 
received by the shareholders is the residue available 
for distribution, and does not include the sums 
carried to reserve. These reserves are essential to 
the continued prosperity and extension of a busi- 
ness, and when re-invested in it yield a return of 
which labour takes over three-fourths, the State 
and municipalities at least an eighth, whilst from 
1 per cent. to 3 per cent. should be expended in re- 
search, so that the final benefit accruing to the share- 
holder is far from extravagant. The accumulation 
and expenditure of reserves on the extension of a 
business is essential to its continued growth and 
prosperity, and from this point of view there is 
much to be said in favour of the plan of taxing 
(in normal times) only the sums distributed as 
dividends, since in the ultimate the nation profits 
far more by the extension and development of a 
business than it does by sweeping into the Exchequer 
part of the undivided profits. Ploughed into the 
business the latter will produce new dividends from 
which the nation will take its toll and at the same 
time employment will be found for additional 
officials and workmen, each of whom will also 
contribute to the revenue by direct or indirect 
taxation. 

In the concluding portion of his address, Mr. 
Deutsch gives some interesting details of the methods 
by which the manufacturing industries of Germany 
were raised from comparative insignificance in 1880 
to the prominent position they held in 1914. Speak- 
ing broadly, the policy pursued has been one 
of payment by results. Ability, wherever found, 
received an exceptional award, and the whole spirit 
actuating the control was, as far as possible, removed 
from the deplorable attitude adopted by too many 
British manufacturers in regard to their technical 
assistants. Carnegie showed years ago, that it paid 
to reward technical ability liberally, and the German 
experience fully confirms this. The German 
chemical manufacturing firms have, as well known, 
speculated largely in research, but they have not 
taken the line common here, that having provided 
the apparatus and plant, the successful investigator 
should receive no reward beyond his fixed salary. 
It augurs badly for the future of British industry, 
that this latter viewpoint still appears to be that 
which commends itself to British manufacturers, as 
was clearly evident in the conference held last year 
between the ‘‘ Advisory Council” and the repre- 
sentatives of a large number of trade organisations. 
One speaker took the view that no employee was 
entitled to patent any idea that occurred to him in 
connection with his employers business; such he 
seemed to assume belonged of right to the employer, a 
position which is not only ethically indefensible 
but the extreme of unwisdom. It seems impossible 
that any employer can really benefit by so short- 
sighted a policy. No workman or other employee 
will worry out new ideas of value, if he is assured 
beforehand that he will receive no adequate reward 
for his creative thought. This kind of employer 
escapes, no doubt, the pain of paying out a royalty 
to a mere manager, draughtsman, or workman ; 
but in this saving at the spigot, he loses infinitely 
more by the curious dearth of new ideas, which comes 
to characterise his business, and by the loss of the 
most able of his men to other and more farsighted 
concerns. These fortunately exist, as was shown by 
the cases cited in Mr. J. Hamilton Gibson’s recent 
address to the Institution of Marine Engineers. 
The experience of the German manufacturers who 
appear to have adopted a similar enlightened policy, 
goes to show that honesty may well prove the best 
policy in regards to creations ‘of the mind as it 
undoubtedly is in matters of material. ~ 





ROADS AND TRANSPORT IN INDIA. 

Tue time was when India possessed some of the 
finest roads in existence. To-day many of them 
have disappeared and long lengths even of the 
main trunk roads are impassable—parts have re- 
turned to jungle, bridges have been subverted to 
other services, and in several casee have actually 
vanished, This astonishing record of enlightened 
policy on the part of the Government of India was 


the subject of a very interesting paper read by Lord 
Montagu of Beaulieu on Thursday the 20th inst. 
at the Royal Society of Arts. As Adviser on Mech- 
anical Transport Services in India the author has 
had ample opportunity of becoming acquainted with 
the actual state of affairs, A confirmed advocate of 
motor vehicles, Lord Montagu might have been 
expected to express himself in much stronger terms 
than he actually used. His facts are undeniable 
and constitute a serious impeachment against the 
Government of India. 

It is well known that in India the Government is 
directly interested in the railways. For this reason, 
it has been argued, they have allowed what was once 
a good system of roads, with certainly first class 
trunk roads, to be neglected, in order to encourage 
traffic to the railways. Formerly the roads were 
essential to the movement of troops—it is now 
considered that these can be better transported by 
rail. Provided the line is secured railway transport 
is certainly much more effective. It was pointed 
out, however, in the discussion that the railways of 
India are very vulnerable indeed and that in any 
serious trouble in the country they would be liable 
to easy interruption. No one who knows anything 
of India and the way the railways are worked there 
will doubt this, and will recall innumerable points 
where they might be cut, all of which it would be 
impossible to guard adequately. Yet in spite of 
this the roads, the only alternative, have been 
allowed to get into a state of disrepair. In fact, 
they have proved of so little interest to the Govern- 
ment that it is twenty years since the last returns 
and statistics concerned with them were drawn up. 

Distances in India are great, and it would not 
always be possible to use road transport to supple- 
ment the railways, but when it is pointed out that 
during the Afghan war of 1919 a truck of army sup- 
plies took three months to get from Karachi to 
Peshawar, it may almost be asked if road transport 
could possibly have done worse. This journey was 
over a single system, and not over a route involving 
running over various railways, when some delay is 
often excusable. The operations of 1919 were on 
a much larger scale than is generally realised, and 
the railways had to handle unprecedented traffic 
at a time when they were suffering seriously from 
the effects of the war of the previous years. The 
road transport available was at the time more than 
occupied with work beyond railhead. The com- 
bination of circumstances was against efficient 
transport. 

A good deal was heard in England of the break- 
down of the roads under the motor transport used 
in this frontier war. It has to be remembered that 
these roads, many of them without good surfaces 
to start with, were called upon to withstand very 
heavy traffic indeed all through the summer. Al- 
though repairs were put in hand it was in many cases 
almost impossible to carry them out as well as de- 
sirable. In the first place the repairs had to be 
executed in the middle of the hot weather, when, 
up the passes where there is no water, the material 
cannot be thoroughly consolidated. In the second 
place the repair material was limited, on account of 
lack of transport and labour, to what was near at 
hand. While in places this happened to be fairly 
good, in others it consisted of a flakey shale, the 
pieces of which simply slid over each other until 
powdered to dust. Once the roads had succumbed 
to the heavy motor traffic it was therefore all 
but impracticable to renovate them thoroughly 
during the actual military operations. 

Lord Montagu points out the need for lateral roads 
along the frontier. At present to get from one area 
to another, a journey has in cases to be made many 
miles back to a junction point and then out along 
another radiating road, involving two sides of a very 
long triangle. Lateral roads with branches up the 
valleys would greatly facilitate operations. It 
is to be hoped, of course, that road building in these 
corners of the earth will tend as it has elsewhere to 
hasten the march of civilisation and order, and that 
they will become eventually highways for commerce 
rather than military necessities. We pay annually 
large sums to these frontier tribes if they behave 
themselves and do not raid and otherwise make 
trouble. How much better it would be if the policy 





were more constructive, and an equal amount of 


money distributed to the tribes by way of payment 
for road- ing. 

It is doubtful. whether frontier roads can ever 
be made dustless, however desirable that may be 
from the point of view of military operations. The 
clouds of dust raised by motor transport are, it 
must be admitted, a veritable danger on the hil] 
roads, while the discomfort to marching troops 
is enormous, but the idea of tar-spraying would seem 
almost out of the question though it might be 
adopted more frequently in cantonments. Where 
a whole country is dusty, as it is in parts of India, 
it is too much to hope that the roads can be kept 
free of this trouble though tar-spraying where 
feasible might reduce it. 





THE THERMOIONIC TUBE. 

THE thermoionic tube or valve has become an 
instrument of such wide utility that the lucid exposi- 
tion of its principle, which Professor W. Eccles, 
D.Se., of Finsbury Technical College, gave last 
April in two Royal Institution lectures on “The 
Thermoionic Tube as Detector, Amplifier and Gene- 
rator of Electric Oscillations’’ will be welcome to 
our readers. Every substance, he explained, emits 
electrons when heated. The mechanism resembles 
that of ordinary evaporation; but the electrons 
carry electro-negative charges, whilst the evaporated 
molecules are uncharged. The phenomena are 
complex in gaseous atmospheres, but simple in high 
vacua. When we apply an electromotive force 
E.M.F. to two electrodes facing one another and heat 
the cathode, a stream of electrons will flow from 
the cathode to the anode, i.e, in the opposite 
direction to the old conventional current (see 
Fig. 1 and also Fig. 2, on the opposite page), the 
thermoionic current rising as we raise the tempera- 
ture in a steep curve (Fig. 3). A heated tungsten 
filament will hardly emit electrons below 2,000 deg. 
C. ; above 2,000 deg. the current increases rapidly, 
reaching at 2,500 deg. 200 times its value at 2,000 
deg. In the Fleming valve or diode the anode is a 
cylinder surrounding the tungsten filament of a 
lamp, and the diode is used as rectifier, the current 
travelling only in the direction mentioned. Dr. 
Eccles exemplified this by reversing the key in the 
battery circuit by hand, about five times per minute, 
when the galvanometer deflections were always to 
the right—never to the left. Since now the 
current is carried by the small electrons, practically 
devoid of inertia, the valve can likewise rectify 
currents of 10,000,000 reversals per minute. But the 
curve of Fig. 3, which turns level, and Fig. 2, will 
help to show that temperature and electromotive 
force applied have to be adapted to one another. 
With a low E.M.F. of 55 volts, e.g., the current will 
cease to increase when we raise the temperature 
above a certain value, of 2,300 deg. ; we pass then 
to the flat maximum of the curve. It is true that 
we can liberate more electrons by heating the 
filament to a higher temperature. But these electrons 
are not emitted at high speeds ; they gather near the 
cathode and, being all electro-negative, repel one 
another, so that their further liberation is stopped. 
This ‘“‘space charge,” due to the neighbouring 
electrons, will not shift a particle midway between 
the electrodes, but will tend to drive an electron near 
the cathode back into the cathode, and drive another 
one near the anode upward towards it (Fig. 2), unless 
we overcome this space charge by applying astronger 
E.M.F. The more positive we make the upper 
electrode, the more the zero position (between the 
electrodes) will be shifted towards the cathode. 

ing with a battery current of 150 volts, 
Dr. Eccles could reduce the volts.to 52, without 
diminishing the galvanometer deflection by more 
than 2 divisions, from 25 to 23. That showed that 
the current was on the level portion of the curve 
(Fig. 3) in the saturated condition, in which all the 
electrons emitted are utilised. A valve used in this 
condition served as a limiting device safeguarding 
the apparatus to which it was coupled ; the current 
would not rise above the maximum corresponding 
to the level portion of the curve. To make the 


valve more sensitive to fluctuations in the E.M.F.. 
we should try to work on the rising straight 
portion of the curve, a result which in this case, 





the lecturer remarked, would be obtained by 
| raising the temperature of the filament. 
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The value of the straight curve was, however, 
better seen in the case of the triode, which con- 
tained a third electrode, the “ grid,” between the 
anode and cathode. The grid may be a wire bent 
to the shape of a grid, or a spiral, surrounding the 
filament. The diagram, Fig. 4, shows the parts of 
the triode [within a circle] and the rather complicated 
connections. The upper electrode, the anode, is 
joined to the main battery, and this circuit is known 
as the anode or plate circuit; the grid is indicated 
by the dotted line; the cathode or filament circuit 
comprises the small battery heating the filament. 
When the grid and anode are directly connected the 
triode becomes a diode. The advantage of the grid 
is that it enables us to alter the space charge. 
When the grid is made positive, it eliminates the 
repulsive force between the electrons, facilitates 
their emission and increases the current ; when made 
negative the grid reduces the emission and the 
current is decreased, the point being that one 
grid volt is able to cancel 2 plate volts, the x 
increasing as the grid is approached to the cathode. 

With the aid of a galvanometer in the external 
circuit, Dr. Eccles demonstrated that the addition 
(or cutting out) of one dry cell to the grid circuit 
had the same effect as the addition of 6 cells to the 
plate circuit. The triode, he said, was used for the 
amplification of the current input on the constant- 
current system, the constant voltage system, or 
(more generally) by combinations of the two 
systems. By coupling 20 triodes in cascade, each 
giving an ampiification of 10, the total magnification 
obtained would be 10°, The regulation could be 
effected by transformers as well as by resistances, 
the coils acting largely as choking coils. Since the 
grid required little current to feed it, the triode was 
very convenient to get over the difficulties of bad 
contacts. Dr. Eccles exemplified this by an 
experiment ascribed to Edison. A contact is made 
by approaching a lighted cigar or match to a strip 
of ebonite which bends under the influence of heat ; 
the effect was much more striking when a triode 
was joined to the circuit. A radium clock afforded 
another illustration of the power of the triode. In 
this device (due to the present Lord Rayleigh) a 
smal] radium tube and a small metal-foil electro- 
scope are enclosed in an evacuated bulb; the 
radiations charge the electroscope, the expan 
leaves of which touch contacts in the bulb; when 
one of these contacts was joined to an amplifier, 
the discharge became audible. 

Since the expenditure of small energy in the grid 
circuit liberates large energy in the plate circuit, 
the triode can also be utilised in controlling devices. 
A master pendulum inducing minute current oscilla- 
tions in the grid circuit can sustain the oscillations of 
another pendulum of the same period through the 
aid of an electromagnet in the plate circuit. Fig. 5 
illustrates a novel alternating-current motor of 
Dr. Eccles, based upon this principle. There are 
two electromagnets, I in the grid, II in the plate 
circuit ; between them rotates an ebonite wheel 
set with contacts or teeth. When the motor is 
turned and a tooth approaches I, the current 
induced is magnified in Il, enabling II to pull the 
next tooth round; the effect is repeated when a 
tooth recedes. 

The small motor exhibited was not self-starting, 
but when brought up to speed by hand it keeps its 
speed, and Dr. Eccles has found it very convenient 
for producing currents, of variable, but constant 
frequency for testing purposes; the alternating 
currents may be branched off from terminals in the 
plate circuit or from a transformer coil. The motor 
is probably the first of its kind working without 
slip rings or commutator; the sparking of the 
commutator would seriously interfere with any 
delicate testing of high-frequency apparatus. 

In another device Dr. Eccles had replaced the 
motor wheel by a tuning fork, electromagnet I being 
above the one prong, II below the other. But any 
oscillating device may be coupled with a triode 
jd produce amplified electric oscillations, and 

g. 4 already mentioned exemplifies the connections 
of” a coil for this purpose. The ends of the coil 
are joined to the grid and the plate circuits, the 
middle of the coil being connected to the filament. 
The oscillations act upon the grid and are themselves 
acted upon by the fluctuating plate current. There 





was no outward sign that Dr. Eccles’ coil was 
really oscillating. To prove it, he approached a 
similar coil circuit, containing a crystal detector 
(serving as rectifier for the induced currents) and a 
galvanometer. 

Of more practical interest was the other demon- 
stration by the “heterodyne or beat method.” 
When two oscillating circuits are tuned to nearly 
the same frequency, 500,000 oscillations per second 
the one, 500,100 oscillations the other, the second 
circuit comprising a rectifier and a telephone, the 
telephone will give the difference (or beat) note of 
d = 100 oscillations per second. It is essential that 
the currents should be rectified as well as amplified 
and that is secured by the arrangement illustrated 
in Fig. 6. The additional devices shown are (apart 
from the telephone) a small condenser and a high 
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resistance in shunt to it, both in the grid circuit. 
Electrons can accumulate in the condenser only when 
the grid is positive; that accumulation, however, 
turns the grid negative and would diminish the plate 
current, if the resistance mentioned, the “ grid 
leak,” did not allow the negative charge to escape 
so that the plate current can rise again, The 
frequency of the oscillations now can be varied by 
altering the capacity. When the frequency 
difference d amounts to thousands of oscillations per 
second, no sound will be heard ; as we increase the 
capacity in the one circuit, the d will decrease, 
and the sound will become audible ; when we come 
down to d = 30, the sound will be inaudible again. 
The audibility will depend upon the listener and his 
age and upon the kind of telephone, and the listener 
can adjust the pitch to his own liking. If we 
increase the capacity beyond the perfect tuning 
adjustment where d = 0, the sound intensity will 
become again, and the position inter- 
mediate between the positions of maximum intensity 
will mark the capacity for perfect tuning. 





The sensitiveness of such oscillating 
coils, especially if of small dimensions, to intentional 
or accidental slight changes in the capacity or 
inductance was demonstrated by Dr. Eccles, and 
its various utilisations were explained. When a 
piece of apparatus or simply a piece of wire, 
particularly if forming a closed ring, was brought 
near one of the oscillators the pitch of the 
telephone hum at once changed; even the mere 
movement of the hand of the experimenter had 
a pronounced effect. When radiotelegraphic appli- 
ances are coupled for heterodyne receiving, it 
may hence be sufficient to give Morse signals by 


, | moving a small wire loop instead of working the key. 


On the other hand, such a pair of oscillators can 
serve as a delicate induction balance. A small loop 
of copper wire had a stronger effect than a loop of 
iron wire. Taking a condenser made up of two 
vertical zinc plates standing in a glass cell, Dr. Eccles 
held an open bottle containing ether over the cell ; 
the sinking vapour (heavier than air) affected the 
capacity and the note. The insertion of a piece 
of ebonite or paper, or of a gas flame between the 
condenser plates would produce similar or opposite 
effects. The thermoionic valve works with electrons. 
From the energy point of view it is still very in- 
efficient ; but it does wonderful things by simple 
means. 





THE AIR-LIFT SYSTEM OF RAISING 
OIL 


Tue air-lift system of raising liquids which Pohle 
introduced about thirty years ago for dealing with 
water in the first instance, and which he himself 
later tried on oil, works with compressed air, but 
must be kept distinct from pumping by means of 
compressed air. When Mr. W. H. Maxwell 
described in 1903* the air-lift pumping plant which 
he had installed at Tunbridge Wells, he gave his 
paper the title: ‘‘ Raising Water by Compressed 
Air,” and the protracted correspondence on air-lifts 
which followed the publication of this communica- 
tion in our columns proved that the principles of 
the air-lift were not always clearly understood. 
When the liquid level in a well is too low to admit 
of voluntary flow, the level can be raised by intro- 
ducing compressed air into the liquid; the mixture 
of air and liquid is lighter than the liquid alone, 
and the hydrostatic pressure in the strata can 
balance a higher column of the mixture than of the 
liquid. In this way 50 oil wells at Baku, which had 
been abandoned or could only be worked by baling, 
were, in the first years of this century, made to 
yield for long periods much more oil than the previous 
baling had produced. Encouraging results were 
also obtained later in Trinidad and in some other 
oilfields. Yet the system has not developed, and 
when the Institution of Petroleum Technologists 
devoted the concluding meeting of the session on 
May 18 to a discussion of ‘The Air-Lift System 
of Raising Oil”’ in connection with a paper by 
Mr. Robert Stirling, the advocacy of the system met 
with more criticism than support. 

Mr. Stirling writes from long experience both in 
Baku and in Trinidad, Perhaps he was partial 
when he declared the air-lift, properly applied, to 
be the most advantageous means of raising the oil 
from all wells yielding sufficient liquid for the con- 
tinuous working of an apparatus of the smallest 
practicable capacity, particularly in the case of 
wells which have ceased to flow naturally or discharge 
only intermittently. But the system certainly has 
advantages. The plant is simple generally; it 
dispenses with derricks, can be adapted to wells of 
any shape or dimensions, and admits of centring the 
machinery, and, if Mr. Stirling had himself been 
present at the meeting—he was unable to attend— 
he might have refuted some of the criticisms made 

Mr, Stirling admitted that the system requires 
constant, careful and judicious supervision. When 
the outbreak of the war between Japan and Russia 
had dispersed the trained staff at Baku, and the new 
oil engineers seemed to believe that the simple 
system might be worked with almost any equipment, 
peculiar difficulties crept up. The air is introduced, 
generally at the bottom of the well, either through a 
central pipe so that the mixture rises in the annular 





* See EncuverRine, November 13, 1903, page 675. 
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space between the air tube and the drilling tube or 
the casing, or the air feed is lateral and the discharge 
is through a central tube. The tubes must be 
able to withstand a pressure of at least 200 lb. 
per square inch and in some cases twice that 
amount. 

All the wells, fifty in number, mentioned in the 
paper, were either damaged or flooded with water ; 
but the air-lifting did not cause further damage. 
In the first well experimented upon, 1,358 ft. 
deep, the oil stood at 600 ft. from the surface, and 
greater lifts were subsequently dealt with. On 
the other hand the increased flow will lower the 
oil level, and might cause a defective casing to 
collapse; Mr. Stirling did not know of any such 
case, however. 

The misapprehension also seems to exist that 
the compressed air and the weight of the higher 
liquid column would drive the oil back into the oil 
sands or other strata. But water and sand can, of 
course, gain access together with the oil, and the 
conditions may favour the discharge of either oil 
or water. In one case mentioned the water was 
presumed to come in at the bottom of the well, 
and the oil at a higher level through a defect in the 
casing. A packer was placed near the well bottom ; 
the water was kept out, and the oil output greatly 
increased, though the oil level in the casing went 
down several hundred feet. The water may cause 
serious trouble, however, when churned by the air 
with the oil. An oil emulsion may then be produced 
from which, especially if the water percentage be 
within 5 or 20 of that of the oil, the oil will not settle 
subsequently. This difficulty can be overcome 
by running more water into the oil. But when the 
conditions change several times within an hour, 
which may happen as Mr. Beeby Thompson re- 
marked, even a resourceful engineer may not be 
able to adapt the aeration to the fluctaating 
conditions. Highly ferruginous water, moreover, 
deposits iron hydroxide on the pipe walls when 
aerated, another trouble with which Mr. Beeby 
Thompson had been confronted in Baku. 

Then the sand enters together with the oil. The 
sand cannot be kept out by screens because the 
packing of oil and mud forming on the outside of the 
screen would soon become impermeable to the 
oil. The accumulating sand has to be removed 
by the special sand pump, or sand corks are blown 
out occasionally by the aid of compressed air, at 
considerable risk to the well. Sand eruptions are 
very common in Trinidad and, as at Baku, oil wells 
which ceased to yield after sand ejections were 
considered to be exhausted, whilst in reality the 
capping material, frequently a clay, had fallenin and 
dammed the oil off. The air-lift stirs the sand up ; 
but when the system was adopted in Trinidad, 
Mr. Stirling stated, it was unfortunately with 
unsuitable apparatus. In one of the early plants 
the air-lift failed after a time, and the withdrawn 
drill stem was found to be perforated in places 
corresponding to the standard pitch of the perfora- 
tions. When the liquid level was lowered, the oil 
and sand grains from an upper-soil sand, had been 
forced, with the gas, through the perforations with 
such a velocity as to create a sand blast. Animprove- 
ment was affected by making the perforations (4 in. 
diameter, 6in. pitch) larger or closer so as to provide 
a free passage for the oil. But it had already been 
learned at Baku that a foot valve should be added 
to the bottom of the tubing. Mr. Stirling fits this 
foot valve to the drill stem of the rotary system with 
which the air-lift. system is generally combined. 
The foot valve admits of drilling into an oil sand 
containing gas under high pressure so that the oil 
flow, when permitted, is not interrupted by the 
choking of pipes. Mr. Stirling’s patented device of 
1917 was intended for machinery in which the 
discharge pipes is surrounded by the drilling tube, 
and the latter by the casing. Above the drilling bit, 
at the bottom of the drilling tube, is first a back 

ure valve and above this the foot valve into 
which the discharge tube is screwed; the valve 
allows the oil to enter the discharge pipe when a 
covering piece is raised above a slot and some 
perforations, His latest devices comprise an air 
regulator; a meter valve, to regulate and to 
distribute the air; an air nozzle screwed into the 
discharge pipe at a suitable depth below the liquid 





level ; a supplementary starting nozzle, and the foot 
valve, which consists of a perforated casing and a 
movable perforated sleeve inside it, attached by a 
conical screw to the discharge pipe. The special 
starting nozzle is used to obviate the necessity of 
having to maintain a much higher air pressure for 
starting the flow than is required for pumping. 

The gas in the oil facilitates the lifting, but it 
may also endanger the use of the gas as fuel for gas 
engines. Mr. Beeby Thompson referred to a bad 
explosion of this kind. To avoid explosions, Mr. 
Butterfield inquired whether it would not be possible 
to aerate with the gas itself, in a kind of closed 
circuit. That sounds hardly possible, and it would 
not meet one other objection to the aeration process, 
that the expanding gas cools the oil and this may 
lead to solidification of the paraffin in the oil. High- 
pressure air pipes are not liked in oilfields, more- 
over, which are frequently exposed to extreme heat 
and cold, and simple machinery is always desirable. 
But oil has become too precious for primitive 
methods of mining, and one system cannot answer 
everywhere. Mr. Cunningham Craig had seep the 
air-lift doing good service in some Trinidad wells, 
and Mr. Stirling did not recommend the system 
for universal use. So far the system is in its infancy, 
and the engineer will have to fit it for its work. 





NOTES. 
Fiurp FLow In Press. 

In an interesting discourse on the work of the 
Advisory Committee for Aeronautics, delivered at 
the Royal Aeronautical Society on Wednesday last, 
Professor Sir R. T. Glazebrook referred to some 
recent work by Dr. T. E. Stanton on fluid flow 
in pipes, which appears to be of very considerable 
importance in connection with the theory of fluid 
motion. It is well known that when a fluid is flow- 
ing steadily in a tube, the fluid in actual contact 
with the walls is at rest, the velocity increasing 
according to a parabolic law along a radius and 
reaching its maximum value at the axis of the pipe. 
Under these conditions the flow is laminar and the 
fluid friction is proportional to the mean velocity. At 
a certain critical value of the quantity vd/y, where 
v is the mean velocity, d the pipe diameter, and y 
the coefficient of kinematic viscosity, the flow 
changes from the laminar to the turbulent type, and 
the fluid friction ultimately becomes approximately 
proportional to v*. It is of great importance in 
connection with the mathematical investigation of 
many problems in aeronautics, to ascertain the 
nature of the flow near the surface of the pipe under 
these conditions, since, in practical aeronautics, the 
flow is always of the turbulent type. Dr. Stanton 
has accordingly been experimenting on the flow in 
tubes 0-269 cm., 0-714 cm., and 12-7 cm. in diameter, 
and has investigated the velocity distribution near 


the walls of these tubes at values of °* ranging from 


460 to 325,000. Velocity measurements were made 
with a special form of Pitot tube, one arm of which 
was the wall of the tube while the other arm was 
formed by a small lip only 0-05 mm. in thickness. 
The position of the lip could be adjusted in a 
radial direction by means of a screw, and, in this 
way, velocity measurements could be taken very 
close to the walls of the tube ; in one series of read- 
ings with the 12-7 cm. pipe the position of the 
centre of the Pitot tube ranged from 0-013 mm. to 
0-178 mm. from the wall. From the results 
obtained it seems certain, at all events for the 


tange of sé taken, that there always exists near 
the wall of the tube a very thin layer of fluid in 


which the flow is laminar. The velocity over the 
walls is zero, and the friction is given by the limit 
of the quantity 5° when 2 is zero, z being measured 
at right angles to the surface. This result is ex- 
tremely interesting, and is of very great importance 
in connection with the theory of fluid motion as 
applied to aeronautics, as it establishes the condi- 
tions which must be assumed to hold at the surfaces 
of aircraft. 

Summer MEeTIne or THE Naval ARCHITECTS. 

The Council of the Institution of Naval Architects, 
and Mr. Dana, the , are to be 
on the programme which has been provisionally made 





for the Li summer meeting which opens on 
July 6 next, when the members will be received by 
the Right Hon. the Lord Mayor of Liverpool in the 
Town Hall. Following this, two papers are to be 
read, one by Sir Norman Hill, K.B.E., on “The 
Functions of the Merchant Ship,” and the other by 
Professor J. J. Welch, on “Some Features in the 
Design and Construction of Mercantile Vessels con- 
sidered in the Light of Recent War Experience.” 
1n the afternoon the members will visit the extensive 
works of Messrs. Cammell, Laird and Co., Limited, 
of Birkenhead, and will be entertained to lunch by 
the firm. In the evening a reception is to be held. 
On Wednesday forenoon there are down for dis- 
cussion three papers, again on important phases of 
merchant shipbuilding. The first is by Sir Westcott 
S. Abell, K.B.E., M.Eng., the Chief Ship Surveyor 
of Lloyd’s, who will deal with the “‘ Safety of Life 
at Sea,” while Mr. George Webster has for his sub- 
jéct the “Subdivision of Passenger Ships,” and 
Mr. C. Frodsham Holt, M.Eng., will contribute the 
third paper on “The Efficiency of Propulsion of 
Full-Sized Ships.” In the afternoon the members 
will visit the Port Sunlight Works, on the invitation 
of the Right Hon. Lord Leverhulme, and in the 
evening the Institution Dinner will be held. It is 
appropriate that on Thursday forenoon the later 
developments in marine engineering should be under 
consideration, with reference particularly to internal- 
combustion engi Engineer-Commander C. J. 
Hawkes, R.N. (ret.), the new professor of engineer- 
ing at the Armstrong College, is to deal with ‘‘ Some 
Experimental Work in connection with Diesel 
Engines,” and in view of the research he made, 
throughout practically the whole course of the war, 
when on the staff of the Engineer-in-Chief of the 
Navy. the paper should give rise to considerable 
discussion. Mr. William Denny, of Dumbarton, will 
read a second paper, on ‘‘ Comparative Trials of 
‘Stil’ and ‘ Sulzer’ Engines under Actual Working 
Conditions on Board Ship,” and, as his firm have 
done experimental work on both these types of 
experimental engines, the contribution should be of 
very considerable interest. In the afternoon the 
members of the Institution will visit the Mersey 
docks and harbour, and will subsequently attend a 
reception by Sir Alfred Booth (the chairman of the 
Cunard Line) on board the Aquitania. Three 
alternative visits are put down for Friday—namely, 
to the Barrow-in Furness works of Messrs. Vickers, 
Limited ; the locomotive works, at Crewe, of the 
London and North-Western Railway; and the 
locomotive works, at Horwich, of the Lancashire 
and Yorkshire Railway. The programme, it will be 
recognised, is varied, and should stimulate thought 
and action. 


MaAcHINERY FOR Roap MAKING. 


On Saturday last, the 22nd inst., the Institution 
of Municipal and County Engineers held an Eastern 
District meeting at Norwich, when opportunity was 
afforded of inspecting in service several interesting 
methods of road-making adopted by Mr. A. E. 
Collins, the City Engineer. In view of the in- 
creasing cost of labour Mr. Collins has found it 
an advantage to adopt a progressive attitude 
towards machinery, &c. For instance at the gravel 
pits worked by the corporation the gravel is washed 
and graded and stored in hoppers, whence it can be 
drawn off by steam carts standing in a depressed 
roadway. At another loading point the gravel is 
run by tramway over bins. From these carts, 
standing below, can be loaded very expeditiously. 
A Jeffrey wagon loader has also been put into service 
and will load a cart at the rate of about 1 ton per 
minute. This loader takes the form of a ladder 
conveyor driven by a single cylinder horizontal 
petrol engine. The machine advances into » 
heap as loading proceeds. A certain amount o 
manceuvring of the cart or wagon to be loaded has 
to be done, but this may be reduced to a con- 
siderable extent by having a man on board trimming. 
This machine can be attended te by one or two men 
on the ground in addition to the wagon crew of two. 
An interesting installation was shown at work in 
connection with trenching along roads, &c. This 
consists of an overhead rope-way carried by two 
frames on trucks which move along rails as the work 
proceeds. The carrier is arranged for two buckets. 
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The hoisting ropes and the traversing rope are 
wound on separate drums of the same diameter. 
These drums can be worked independently or 
locked and worked together, for hoisting or travers- 
ing. Four buckets are employed, two being filled 
in the trench, while two are being handled on the 
ropeway. The installation requires one man at 
the engine and one to handle the buckets, in addition 
to the men in the trench. A demonstration was 
given also of a petrol-driven trench tamper. This 
machine is by Messrs. Pawling and Harnischfegen 
and Co., Milwaukee, Wis., U.S.A., and has been 
described in Enaryzerre. In connection with tar 
spraying an insulated tar tank wagon was shown 
at work. This wagon is protected with about 4 in. of 
boiler lagging. The tar is loaded at a temperature 
of between 350 deg. F. and 400° F. at the works 
and keeps hot so long in these insulated tanks that 
it can be transported to the roads and used without 
further heating. A weighted broom follows the 
spray and assists in distributing the tar, but occa- 
sional patches have to be worked over by hand 
brush as well. Generally speaking it was an 
interesting demonstration of methods introduced 
by a mechanically-minded engineer to meet present 
labour difficulties. It must, however, be realised 
that small authorities cannot al! indulge in machines 
to the extent possible with a larger authority such 
as Norwich. f 
Piant GROWTH AND THE CRESCOGRAPH. 
Though the engineer does not interfere in physio- 
logical controversies, the problems of plant life 
and growth interest us all, and an instrument like 
the Bose crescograph which is to give correct 
records, magnified up to 10,000,000 times, of life 
activity and of changes in length, may be put to use 
by physicists and engineers as well as by physio- 
logists. Nobody doubts that the boundary line 
between plants and animals is indistinct ; that both 
are sensitive and capable of movements; that both 
may or may not be individuals or collective beings, 
and that the discrimination of the individual may 
be very difficult. Professor Sir Jagadis Chunder 
Bose, of Calcutta University (which he has endowed), 
who was recently elected a Fellow of the Royal 
Society, has devised instruments by means of 
which he can make the plant trace its own life 
record. He finds that light and warmth stimulate 
and accelerate growth; cold and darkness retard 
it; the plant, most alive in the afternoon, does not 
really fall asleep before 6 a.m. to wake up in starts ; 
the response of plants to a stimulus (in general a 
contraction) is no more instantaneous than in 
ourselves and takes about 0-05 second; poisons— 
alcohol, chloroform, sulphuretted hydrogen—act as 
stimulants in small doses and kill in strong doses ; 
cut-off leaves die in 12 hours, whilst a rose bud has 
to be soaked in potassium cyanide for 4 hours 
before it is killed. Bose’s first instrument was a 
lever provided with a long pointer writing on smoked 
glass; to reduce the friction he made the pointer 
vibrate electrically like a tuning fork and regulated 
the vibrations by a magnetic field, the pointer 
tapping the glass underneath it at regular intervals. 
By combining two levers he raised the magnification 
to 100 x 100 = 10,000; these levers were kept 
steady, the glass oscillating to and fro, In his 
latest crescograph there is only one lever, viz., 
a fine magnetised needle, in front of which another 
small magnetic needle bearing a mirror is suspended ; 
the primary deflections of the long needle are further 
magnified in the secondary oscillations of the 
mirror and of the light spot. Such instruments 
may, of course, be extraordinarily sensitive. But 
Professor Bose did not, in the long discourse he 
delivered last Monday at University College, 
explain the mode of connection between the instru- 
ment and the specimen. In his first experiments he 
had made use of sensitive plants (mimosa pudica), 
and his diagrams showed the drooping branch 
attached to the end of his lever by a thread. In his 
demonstration of the latest crescograph the plant 
to be chloroformed (in its cylindrical container) 
was fitted with a wire clamp and connected by a stiff, 
hooked wire to the end of the lever. ‘ Professor Bose 
did not say how this is done, nor how he balances 
the wire weight and prevents injury to the plant 
by the clamping and interference with the circu- 
lation, &c. One understands that he can accurately 





measure the expansion of a stiff wire, caused by the 
a of the warm hand, or the contraction of 
a moistened fiddle string, but we should like to 
know how the connections could be made ‘to 
measure the expansion of a delicate plant. How- 
ever, Professor Bayliss, Donnan, Lord Rayleigh 
and others have declared themselves convinced by 
& private demonstration that the crescograph cor- 
rectly records growth and does not merely magnify 
accidental electrical or thermal disturbances. The 
fiddle-string demonstration, on the other hand, 
was made because Professor A. D. Waller—who 
had not been admitted to the private demonstration 
mentioned—showed last week, at the Royal Society, 
that a fiddle string behaved very much like a plant, 
and placed his apparatus at the disposal of others to 
experiment with—which Professor Bose declined 
to do. 


is merely shifted to the community: The real 
problem of sewage disposal that has to be faced 
is the removal of the entire waste in such a way that 
it shall not be offensive or dangerous to the public 
in general, Subsidiary problems may arise, such 
as the recovery of any value the sewage deposit may 
have. The alleged value possessed by sewage 
sludge has long been a lure to the engineer and the 
hope of municipal officers, but though the manurial 
properties may in some instances have an economical 
importance, these have as a rule been over-estimated, 
and in the future are likely to be of even less con- 
sideration, for the activities of the chemist in 
producing cheap fixed nitrogen will influence 
detrimentally the engineering and commercial 
aspects of the sludge problem. 

The authors lay down the important proposition 
that sewage treatment should not be carried further 
than to prevent local nuisance, and the removal of 
conditions offensive to sight and smell. To proceed 
beyond this point is uneconomical and extravagant, 

health authorities, sometimes ambitious 
in their schemes and hypercritical in their tests, 
would like to purify the till it resembles 
spring . water. The bacterial purification might 
indeed be carried on till the effluent was as pure as 
many public water supplies, but such fastidious 
tastes should not be encouraged, and therefore the 
authors, while. alive to the necessity of supplying 
adequate treatment and safe removal, add the words 
“at a minimum. cost.’’ This suggests a very 
practical treatment, and throughout the authors 
never disappoint the reader in that respect, 

The description of the schemes in use for the 
disposal of sewage naturally starts from the primitive 
form of dilution, in which the offensive material 
is discharged into a stream or tidal waters by 
properly-located outlets. With care and under 
suitable conditions the process is one of the most 
economical, satisfactory and efficient methods of 
sewage disposal, for with sufficient dilution such a 
discharge constitutes a sound method of purification. 
Its success depends in a great measure on the prompt 
and intimate mixing of the sewage with the diluting 
water and its contained oxygen. Its failure 
depends generally upon an increase of population 
without a corresponding increase in the quantity 
of running water. The Chicago Drainage Canal 
illustrates these conditions very pertinently. In 
this case, the quantity of discharged sewage was 
so great that the ratio of the sewage to water was 
as 1:10. The result was disastrous. At New 
Orleans, on the other hand, the vast volume of the 
Mississippi absorbs and purifies the polluting 
material with ease. The British Royal Commission 
on Drainage recommend a dilution of 500 volumes 
for crude 300 volumes for settled sewage, 
and 150 volumes for chemically-precipitated sewages. 

With the scheme of dilution came to be connected 
a system of straining, designed to hold back the 
coarse particles in suspension, and in some form this 
has been retained as an essential step in. most 
processes of sewage treatment. Herein is seen the 
beginning of sedimentation tanks, which originally 
constructed to remove the grosser and heavier 
mineral particles, as road sweepings, have been 
improved and adapted to retain a large portion of the 
suspended organic material. It is easy to pass 
from these early schemes to the more recent process, 
in which tanks were utilised for chemical precipita- 
tion, and for a while before the public the 
hope of a latent source of une wealth. 
The hope was not realised. Wealth to be available 
must be concentrated, and each gallon of sludge 
contained so little of value that it never reimbursed 
the expense of collection. Some very material 
advantages can, however, be claimed for chemical 

pitation, more particularly in the case of 
charged with industrial waste, but it is 
doubtful whether in the most favourable case, the 
cost is justified. Septic tanks are a further develop- 
ment in the sense that they came later in time, and 
in many cases di the of sedimentation 


simply the cesspool of our forefathers, regulated and 
controlled. These have had a somewhat chequered 
career, and have been alike praised and blamed too 
much. Their rival has been the Imhoff tank, which 
may be better suited for large communities, but for 
simple installations, the one-story septic tank of 
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Owtne to the progress that has been made in sewage 
treatment in the last few years and the better 
recognition of the many problems connected with it, 
the second edition of this well-known work has 
been submitted to a thorough revision, and to 
considerable extension. Generally, projects con- 
nected. with sewerage have failed to attract the 
attention they deserve. When a notable scheme 
for the provision of a water supply to a large city is 
on foot, much interest is exhibited in the engineering 
problems involved and the manner in which they 
are handled. A sewerage scheme creates no such 
interest, and the engineer meets with little sympathy 
in his unsavoury task. But to get rid of the water 
supply of a town after it has been used, and that 
is the object of every sewage project, is a heavier 
task than to.convey the fresh water in the first 
instance. Its volume is augmented by the town 
rainfall, and the solid matter increased by the 
detritus from the streets, it is polluted with all 
kinds of abomination, it carries the refuse of various 
industries, and besides the mineral and organic 
matter in suspension, great quantities of bacteria 
and protozoa, many possessing pathogenic qualities, 
have to be safely and expeditiously removed. It 
is not too much to say, that the sewage engineer 
of the last half century, following stereotyped rules 
handed down from a less sophisticated age, proved 
unequal to the burden laid upon him. The work 
of the chemist and of the biologist has had to be 
invoked in order to cope with the aggravated con- 
dition. The need of continued insistance on the 
employment of improved methods justifies the 
appearance of such a book as this, which urges the 
adoption of adequate methods in the interests of 
public health and sanitation, supporting its con- 
tention by many instances drawn from modern 
practice. 

With the growth of population, further extension 
with consequent complications must be anticipated. 
The demands for the application of sewage systems 
are urgently pressed. Writing for Americans and 
utilising the statistics available in that country, 
the authors point out that of a total of 91,000,000 
living in the United States in 1910, less than 
35,000,000, or only 38 per cent., lived in com- 
munities provided with any sewerage system at all, 
and of these only 4 per cent. lived in communities 
provided with sewage treatment, the remaining 
31,000,000 discharging their sewage untreated into 
the nearest body of water. Looking forward a few 
years, it is difficult to appreciate what the addition 
of the amount of impurity to the water system of 
the country portends. The self-purification of a 
stream is strictly limited. There is evidence to 
show that a stream will purify one-fiftieth of its 
volume of sewage, but not one-twentieth. Water 
carriage therefore becomes unsafe, though hitherto 
it has been as an ideal method of sewerage 
for the individual, who rids himself of an incubus 
without trouble or danger, overlooking the dis- 
agreeable fact, that the problem of ultimate disposal 
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Cameron has marked a distinct advance over plain 
sedimentation, as regards digestion and liquefaction 
of sludge, and is likely to retain a distinct field of 
usefulness 


Long and costly lawsuits have decided that 
Cameron was the first to subject the flowing current 
of sewage to the action of anaerobes and aerobes, 
under conditions which secured their separate 
and successive action, but developments came on 
rapidly and rivals occupied the ground he had 
successfully prepared. The re process 
developed by Travis, the Imhoff tank 
advantages of all its predecessors, the Di Dibdin vn. 
bed, possessing some novel features, and the contact 
bed, are all the product of the same master thought, 
though, as the authors point out, the septic and 
hydrolytic tank are ily anaerobic in their 
action, the others are rendered effective by aerobic 
bacteria. 

The construction of these forms of tanks, the 
points of difference and the merits of each, are very 
fully described, the details of particular installations 
being given very clearly, but it is impossible to 
summarise the resultsin a brief space. Asinstancing 
the uncertainties of popular favour, and of the nice 
balancing of the defects and merits of rival schemes, 
it may be recorded that while the Travis’ form of 
separation was never adopted in America and the 
Imhoff tank attained wide popularity, a decided 
reaction has recently manifested itself against the 
latter, and a suspicion is gaining ground that it has 
been praised beyond its deserts, and that in 
particular the dissemination of noxious odours is a 
very objectionable feature. 

As an alternative to the use of tanks, the dis- 
tribution of sewage on the land, or sewage farming, 
offers some favourable points. Under suitable 
conditions the soil is capable of absorbing the liquid 
and digesting the solid constituents of the sewage. 
The operation may be economically and even 
profitably conducted. The elements of success 
require the command of considerable areas of cheap 
and infertile sandy soil with light rainfall. The 
price of land, the cost of labour, the available 
markets, the capable management of the farms, are 
all uncertain factors which have to be risked, and 
may easily turn an expected profit into an actual loss. 
The danger of sanitary efficiency, the real object 
to be considered, being sacrificed to economic success 
must not be overlooked. 

The process of purification that followed from the 
distribution of sewage over waste land was originally 
no more clearly understood than was the primitive 
method of dilution by water. The fundamental 
process at work is the oxidation of organic matter 
by means of bacterial life, but this fact was not 
recognised, and therefore not utilised till the last 
quarter of the past century. Sir E. Frankland 
was among the first to perceive the chemical 
oxidation of organic matter to water, carbon 
dioxide and nitrates, and to insist upon the necessity 
for intermittency in operation. But the importance 
of intermittent filtration was not appreciated at the 
time, and the biological purification of sewage made 
little headway inthis country. America, more alert, 
experimented wisely and well, demonstrating that 
not only must the sewage be applied intermittently, 
but also in small doses, in order that the air supply 
necessary for its oxidation may be available. Once 
the sanitary engineers were possessed of this thought 
through experience, improvement was rapid along 
the lines indicated. The contact bed where aerobic 
and anaerobic conditions follow alternately; the 
trickling filter in which the sewage is distributed 
continuously in a fine spray over the surface of the 
bed; and the latest development of the activated 
sludge process are all modified and improved devices 
for applying the principles that Frankland 
enunciated and American perseverance has utilised. 
The. chemistry and bacteriology of intermittent 
filtration like the physics and chemistry of the 
contact bed will repay careful study, for the authors 
have availed themselves of the latest information, 
and the description of the systems in which these 
principles are operative is full of interest. 

The latest method of disposal and in some 
respects the most successful, is that known as the 
activated sludge process, or the forced aeration of 
sewage, mixed with a certain volume of previously 





aerated or activated sludge. Dr. Fowler, of Man- 
chester, may claim credit for its introduction, for the 
authors pay him the graceful compliment of admit- 
ting that it was “the Manchester studies and 
particularly the discovery of the effectiveness of 
previously aerated or ‘ activated ’ sludge in promot- 
ing oxidation, which really gave us this important 
method of sewage purification.” The advance in 
biological chemistry has been an essential factor in 
the development of the process, and to be applied 
successfully the engineer must adapt his plant 
the} and conduct his operations according to the con- 
ditions determined by the bacteriologist. In 1913, 
Fowler was able to demonstrate that the inoculation 
of sewage by oxidising bacteria materially shortened 
the time for clarification. Later experiment has 
fully proved that a mixture of one volume of 
activated sludge with four volumes of sewage, when 
aerated from 4 hours to 6 hours, with 15 cub. ft. of 
compressed air per square foot of floor space, gave 
an effluent after sedimentation, well clarified and 
non-putrescible. When air alone was applied, five 
weeks of aeration were required to effect complete 
nitrification. At present, the process may recom- 
mend itself by reason of its novelty, but it un- 
doubtedly fills an important in sewage 
management, and probably indicates the direction 
which future development will follow. The authors, 
however, think it necessary to warn those who 
propose trying it, that it is by no means a panacea, 
and in all cases it should not supersede the treatment 
on trickling beds. The principal advantages consist 
in the high degree of purity attained in the effluent, 
the small area of land required—10,000,000 gallons 
can be treated per acre per day—and the freedom 
from local nuisance. On the other side of the ledger 
appear the high power cost, the difficulties which may 
be expected from trade wastes, and the irregularity 
of flow with so delicately adjusted a biological 
process. Further, a very great amount of wet 
sludge has to be handled, amounting to 15 cub. 
yards to 30 cub. yards per 1,000,000 gallons of 
sewage. In any case, the disposal of sewage sludge 
is a large question, and when the recovery of trade 
wastes is attempted, or it is proposed to utilise any 
portion as manure, the operations become com- 
plicated and can be costly. The problem is quite 
adequately treated by the authors, and though we 
cannot enter into any details we may quote the 
following warning: “It is strange to note how 
often a plant is carefully and intelligently planned 
to separate the solid from the liquid constituents of 
the sewage and to purify the latter, while the sludge 
is left to be disposed of by some spontaneous happy 
thought when the occasion shall arise.” 

After the study of many schemes in which the 
authors display their accumulated experience by the 
clearness of detail and the points selected for minute 
description, one fails to understand why so many 
should be in operation and none has shown marked 
superiority over its rivals—to use the authors phrase 
“Why there is no ‘system’ of sewage disposal.” 
Perhaps the answer is to be found in the remark 
of an English sanitarian, “ I have so repeatedly seen 
excellent works give bad results on account of 
inefficient arrangement, and very defective works 
fair results on account of the efficiency of the 
manager, that I have come to regard the manager 
as being even more important than the works.’ 
With such a vade mecum as the authors have pro- 
vided, the work of management should be easier 
and performed with greater intelligence. _ 





O#% Engines; Details and O By Laoy H. 
Morgwon. New York: ed Hill Publishing 
Company, Inc.; London: Hill Publishing Company. 
[Price 30s. net.) 

Tas latest book on oil engines, published this 

year, to come into our hands is American in every 

sense, and deals exclusively with American engines. 

The engineering products of every country bear a 

relation to the characteristics of the race, but 

since engineering is a science and can hardly be 
described as temperamental, the reflection of 
characteristics is on that account not sharply 
defined, It =: nevertheless, an interesting study 
to examine the methods of 

sinieisuneaciinn Galadeten Tasman tention 
as we are confronted with. Before our perusal of 





this volume we, frankly—in spite of the abundance 
of fuel oil in the United States of { America—had 
not formed the opinion that Amesion had attacked 
the problem of the oil engine so fully as is evidently 
the case, nor did we think that it had products of 
its own in this new branch of engineering which 
bore so individualistic a stamp. With only one or 
two exceptions the designsillustrated are home pro- 
ducts, and the results of the operation of European 
licenses are quite clearly seen in the two exceptions 
to this general rule. It might here be remarked that 
in many ways American practice in oil engines 
is not to be admired, and recently almost all high- 
powered Diesel engines built and building in America 
have been constructed under licence from well- 
known European firms of considerable experience. 

This book deals generally with the smaller type 
of oil engines of all types, Diesel, semi-Diesel, or 
hot bulb and high and low compression, in most 
cases as applied to land practice. Wherein, with 
such engines, is American practice distinct from 
British or European ? Whilst it may be contended 
that the Continental designer is content with a 
solution that accurately follows known theory, is 
pleasing to the eye, and combines features so artistic 
that they sometimes impose difficulties for the foun- 
dryman and machinist to solve, and whereas with 
British engineers, practical considerations pre- 
dominate at times in contradiction to postulated 
theory and a direct method of attack is the only 
one considered, yet both are probably to be preferred 
to the American standard that seems to be gauche, 
although practical in that very crude mechanisms 
are introduced to rectify the effects of indifferent 
design and lack of highly skilled workmanship. 
We are somewhat surprised at the want of apprecia- 
tion of the temperature conditions to be carefully 
legislated for in internal-combustion engines if 
success, especially with large units is to be won, 
but this fact probably explains the evident desire 
on the part of American constructors to depart 
from the standard Diesel cycle, and seek a less 
exacting solution in the various alternative types 
such as the hot bulb, high and low compression 
oil engines, or by building under licence. The 
American designs for the castings such as cylinders, 
liners, cylinder heads and pistons present few pro- 
blems to the foundry and machine shop, but evince 
little effort to cope with the actual temperature con- 
ditions imposed when running under full load. A 
large number of the American land oil engines are 
of the horizontal type following on the established 
practice for small gas engines. Such engines are 
relatively simple and cheap units, and possess the 
advantage of requiring very much less head room 
than the standard vertical type. Another distinct 
characteristic is the quite frequent adoption by 
American designers of the open type of cylinder 
fuel injection valve first adopted by Kéerting in 
Germany. With this valve a measured quantity 
of fuel is delivered during the compression stroke 
of the engine to a receptacle at the lower or inner 
end of the fuel injection valve actually in the 
combustion chamber, and the timed opening of 
the needle valve admits the injection air to pick up 
this charge of fuel and traject it into the com- 
bustion chamber. Such a type of valve with 
slight modification is successfully used also for 
tar oil. 

This somewhat simplified fuel valve where the 
usual gland has only to be packed against the air 
pressure, where the fuel does not require to be 
delivered by the fuel injection pump against the 
pressure of the fuel injection air, has not been 
adopted in Britain. It undoubtedly effects certain 
improvements and is strongly recommended as 
worthy of the closest study. 

We do not note in this review of American 
Diesel engineering any other principal factors that 
can be said to show the way to British exponents 
of the internal-combustion engine. It may well be. 
however, that from a close study of the detailed 
construction there will be manifest certain direc 
tions in which workmanship can be avoided and an 
equally successful issue achieved. 

So much for the subject of the book under review. 


in other|The treatment is briefly to describe with little 


criticism the principles and the leading characteristi: 
of the engines and to pass on to a full consideration 
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of running adjustments and factors that make for 
successful operation. 

With this last sphere the author is quite familiar 
and the chief pleasure in reviewing this volume is 
the appreciation that the writer is detailing con- 
siderable personal experience. As an instance we 
have not seen reproduced better cylinder indicator 
diagrams than those here given to illustrate de- 
fective valve setting and other minor faults of 
adjustment. When expanding the theoretical con- 
siderations underlying such defects and remedies, 
or in treating of matter concerning other than 
relatively small American four-stroke cycle engines, 
this text book is not so accurate. 

The work is comprehensive and full with a good 
index, there are 457 pages, 357 illustrations, such 
as drawings, photographs and diagrams and a 
number: of tables. The volume is well printed, 
with good sized type and of suitable paper, — 





Scientific Method. Its Philosophy and its Practice. By 
F, . WeEstTaway. London: Blackie and Son, 
Limited. [Price 10s. 6d. net, bound.) 


THE great man of science is not necessarily a good 
teacher, nor does he necessarily follow any definite 
method throughout his researches. and his'teaching, 
Speaking generally, the non-brilliant, cautious, 
possibly slightly pedantical worker, succeeds 
perhaps better in helping. the student to grasp the 
principles of his science than the brilliant, original 
scientist, who attracts and inspires multitudes of 
students, but who'really teaches not more than the 
very few who are able to follow his ingenious 
lectures. Even the sound teacher to whom the 
average student is most indebted might be puzzled 
to label his method, Mr. Westaway does not write 
by any means only for the science teacher; yet he 
may enable the teacher to decide which master he 
has been following and which he ought to follow. 
But as Mr. Westaway does not wish to impose his 
own views upon the reader, rather desiring to 
interest the reader sufficiently for further studying 
the authorities cited, the reader may simply peruse 
the volume at his leisure, grateful for the fruitful 
suggestions received and willing toexamine. He will 
not always agree probably, but he will be glad to 
open the book again and again. 

We will briefly outline the contents of the volume 
to mark the author’s method. Book I, the Philo- 
sophy of Scientific Method, deals with Humanism 
versus Realism, Words and their Elusiveness, 
Plato, Aristotle, Scholasticism, Bacon, Descartes, 
Locke and Hume. Book II, the Logic of Scientific 
Method, is devoted to the methodologists, Whewell, 
Mill, John Herschel, Bain, Jevons (whom Mr. 
Westaway quotes most frequently), Welton, A. 
Sidgwick—to Induction, the Principles of Investi- 
gation, Analysis, Generalisation, Hypotheses, Ana- 
logy, Probability, Measurement, Error and Cor- 
rection. Book III, exemplifies the work of some 
famous men by quotations from their books, 
Wallace, Darwin, John Lubbock, Harvey, Newton, 
Faraday, &c., not in any historical order, we 
notice, and refers very briefly to some other 
scientists. Book IV, finally, on Scientific Method 
in the Class Room, describes the Heuristic Method 
and Laboratory Instruction, after Ganong, A. 
Smith, H. E. Armstrong, J. B. Russell and others, 
quotes from Pupils’ Notebooks, and gives examples 
of solving mathematical problems. The Appendix 
is entitled Retrospect and Reflections (1912 to 
1918); it opens with the words written in 1912 (the 


year of the publication of the volume) ‘“‘ When it] 


looked as if the nations were heading to destruc- 
tion.” 

It will be seen that Mr. Westaway cannot be 
charged with taking a narrow -view of his subject. 
In this second edition the specific claims of philo- 
sophy are indeed more strongly urged than in the 
first edition of his work. But Mr. Westaway seems 
a little fond of generalisation, in words rather than 
in’ deeds, We read in the preface: “On the 
one side we have Germany, clear-headed and 
thorough; America, original and enterprising ; 
Japan self-denying and observant ; France, pains- 
taking and clever; all four nations believers in 
work. Qn the other side we have Britain, insular 
and unsystematie, looking upon work as a nuisance 
because in with pleasure.” We find in the 
book ‘more of. such sweeping characterisations— 





which, we acknowledge, still enjoy favour. We con- 
sequently expect a fairly international treatment of 
a subject like scientificmethod. But apart from the 
classical philosophers Mr. Westaway’s authorities 
are practically all English. A chapter is devoted 
to Descartes; Franklin and Guy Lussac are given 
an opportunity of exemplifying their methods of 
research ; otherwise foreign philosophy and science 
are noticed by mere references. Mr, Westaway 
might have been less exclusive, we think, and we 
do not agree, ¢.g., with his comment on the following 
experiments of Humphry Davy: common salt 
found in the air during the early electrolytic work, 


it was suspected that electricity had the power of a 


generating acids and alkalis; Davy reduced the 
alkali more and more by working with distilled 
water in vessels of agate or gold and in a vacuum, 
and by avoiding all contact with his fingers, “He 
thus detected a previously unsuspected antecedent,” 
is the comment, 

We may add one final remark. We do not wish 
to talk relatively, nor to blame Mr. Westaway for 
keeping relativity out of his section on Measure- 
ment. But we should hardly conclude a book on 
scientific method with the words: “ Let each youth 
be. taught to give the whole energy of his soul to 
the discovery of the exact fact, the exact law, the 
exact principle that underlie any and every problem 
which life may call upon him to solve.” A‘ word of 
caution and tolerance should have been added. 
Are we certain of any exact facts, laws or principles ? 
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PrrsonaL.—Mr. Frank Hoyle Brunt,Assoc.M.Inst.C.E, 
states that he has resigned his position as waterworks 
engineer to the Rochdale Corporation in order to under- 
take private practice as a civil engineer, and, after the 
31st inst., his address will be 100, Victoria-street, West- 
minster, S.W. 1. (Telephone, Victoria 1100.)—An 
amalgamation of interests has been arranged between 
the Lancashire Dynamo and Motor Company, Limited, 
of Manchester, and the Crypto Electrical Company, 
Limited, of Willesden.—Messrs. Buck and Hickman, 
Limited, state that their Birmingham warehouse and 
offices have been transf¢rred from 55, Station-street, to 
23, Newton-street, Corporation-street, Birmi —_ 
Mr. R. 8. Johnson, for many years connected with the 
firm of Messrs. Workman, Clark and Co., has joined the 
Board of Messrs. Cammell Laird and Co., and will assist 
Sir G. J. Carter at the Birkenhead Works.—Messrs. 
the General Electric Company, Limited, state that 
on end after 3ist inst. the 
West-End (6, Arthur-street, New Oxford-street, 
W.C. 2) of Pope’s Electric Lamp Company, Limited, 
will\be changed to Gerrard 6074 (2 lines). 
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THE MANCHESTER ASSOCIATION OF 
ENGINEERS. 


A visit of considerable technical interest was made 
A Manchester Association of Engineers on the 
1 inst., when they ins the ine works of 
Messrs. Galloways, at Knott Mill, Manchester. 
The attendance was something like 150, and the 
meeting was in every way successful, The whole of 
the works were thrown open for inspection, and much 
machining work of a heavy type was to be seen in pro- 
gress. For most visitors, however, the main interest 


centered in the uniflow engine and the 
being 1300 hp. ga sngine, sash of aie ese camiittoee. 
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Some interesting 
she scdliaiivion. particularly in 
ae So and the form of the 
piston. e two main portions of the cylinders are 
separate castings, as is the exhaust belt. This latter 
is, of course, relatively weak, owing to the presence of 
the exhaust ports, but the whole arrangement is 
reinforced in a very neat way by carrying a ring of 
bolts right through the exhaust belt and so solidly 
joining the two —_ The piston is built up of 
two end castings drawn hard up against collars on the 
rod, and is made without any central barrel joining these 
ends. At the lower side, however, the space between 
the end castings is filled with an articulated arrange- 
ment consisting of a series of slippers which can move 
relatively one to the other. These take the weight of 
the piston and distribute the wear on the cylinder. 
The piston rings are carried by the end castings. 

The gas engine which was on view was one of five 
being built for the Barrow Haematite Steel Com y 
and will be driven by blast furnace gas. yi 
Galloways have now been building large gas — of 
this class for a number of years. The engine two 
cylinders in tandem, each 45 in. diameter by 51-in. 
stroke. The four-stroke cycle is used, the speed is 
94 r.p.m. and the output 1,850 h.p. Governing is 
through a servo-motor operated by a comparatively 
small centrifugal governor. Another interesting piece 
of machinery on view was an hydraulically operated 
drop valve intended for use on uniflow and other 
engines. The arrangement incorporated a closed oil 
circuit containing a small cylinder and piston which 
was arranged to be operated by the valve gear of the 
engine. pressure generated by the movement of 
this piston was transmitted by the oil to a diaphragm, 
which opened the main valve against the pressure of a 
spring. When the pressure was released the spri 
once closed the valve. The gear es to be very 
sensitive and rapid in its action. The valve lift was 
varied by varying the stroke of the piston. 





T ue Surveyors’ [nstrrvuTion.—We are informed that 
the country meeting of this Institution is to be held in 
Gloucester, on July 8 and 9, when pai will be read 
P of interest, 
rom the secretary, 
eke 


Further information can be obtained 
12, Great George-street, Westminster, 8.W 





Socrere pes Incenigcurs Crvirs pe Franor.—The 
Société des ieurs Civils de France, of which a 
British section was formed and inaugurated in November 
last (see Enorrerntna, vol. cviii, 726), is now 
organising for the end of June a short visit to Paris 
and to the mines and factories of the devastated regions 
in the North of France. In order to make this visit 
as comprehensive as possible, it has been decided not to 
confine participation only to members of the British 
section of the société, but to admit all members of 
recognised i ing institutions in the United King- 
dom. The provisional programme states that the 
official time-table covers the ge = from Tuesday 
evening, June 22, to Friday nigh t, June 25. It is, of 
course, left open to members either to proceed to Paris 
on their own account, meeting the party there or, should 
they care to, to extend their visit beyond the date 
mentioned. The cost, to members, of the official part 
of the tour will be approximately 600 francs per head 
(about 12/.); first-class return railway fare, London to 
Paris, 61. ; expenses in Paris about 1/. ood day. Arrange- 
ments as to hotel accommodation in Paris will possibly 
be carried out by the parent society. Members are 
reminded that passports are still necessary for France, 
but that they need only be taken for Paris, as there is no 
difficulty, once there, in proceeding to other parts, of 
. Ladies will be welcome on this occasion. 
Fuller details will be given on application to the 
Honorary Secretery, 45, Great lborough-street, 
London, W. 1. 
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Durtne the recent prolonged strike of ironmoulders 
throughout the country, engineering firms were com- 
pelled to resort to many devices in order to mitigate 
the worst consequences of the shortage of castings and 
to reduce as far as possible the unemployment of 
workmen in other trades. Some of the lessons taught 
by necessity may have beneficial results in the future, 
and the impetus given to the adoption of machine 
moulding and to the use of drop-forgings will tend to 
the advancement of engineering practice. The Fraser 
and Chalmers Engineering Works of the General 
Electric Company at Erith found themselves, during 
the period of the strike, sorely in need of some special 
pipe castings of large size, without which certain very 
important work would have been brought to a stand- 
still. Castings being impossible to obtain, it was 
decided to see what could be done by way of a substitute, 
in building up pipes of the required shape from steel 
plates by welding together suitably-formed pieces. 
Forged steel flanges were afterwards welded on, and 
the final results realised all the hopes of the originators 
of the method. 

The photograph reproduced in Fig. 1, above, 
shows three specials manufactured by the method 
indicated, two of the pieces being right-angled bends 
and the third a straight taper length. All are con- 
structed of jy in. steel plate and have 14 in. forged 
steel flanges welded on. The plates are joined by 
V-welding inside and out. The two bends shown in 
the photograph are of 32-in. diameter, the radius of one 
being 27 in., and of the other 32in. The left-hand bend 
is composed of three sections of plate, while the longer 
one on the right is made of four sections. Additional 
longitudinal welds can be seen in the sections carrying 
the upper flanges. These occur for constructional 
reasons, the plates being cut and rewelded at these 
points for the purpose of fitting the flanges. The 
short pipe shown in the photograph standing between 
the bends is 33 in. long, tapering from 273 in. diameter 
at one end to 32 in. diameter at the other. 

One of the most striking examples, however, of the 
method of manufacture was a special piece which 
unfortunately had to be put into service before a 
photograph could be obtained, but the line drawing, 
Fig. 2, shows the complicated shape that was success- 
fully built up. The actual pipe might easily have been 
mistaken for a awning casual inspection, so smooth 
was its contour, The welded seams are indicated 
by lines on the drawing. The pipe is made of five 
separate plates, } in. thick; the radius of the bend is 
12 in., the rectangular flange is 57 in. by 16 in., and 
the circular flange is 32 in. diameter. This special pipe 
was required in connection with the testing of a large 
Fraser and Chalmers turbo-compressor, deliveri 
20,000 cub. ft. of free air per nihute at a pressure of 
100 lb. per square inch. It was, direct coupled to a 
turbine also made by the company, developing 4,100 
gr 8 rn at > r.p.m. 

cost of the we specials was not materially 
different from that of castings, but the labour and 
material entailed in the construction of patterns which 
might never be used again, was, of course, avoided. 
The previous seqenens of the Fraser and Chalmers 
ineering Works in the manufacture of welded pipe 
work in connection with their turbo-blower 
and gas-cleaning installations, no doubt stood them 
in good stead in the present instance, but the enter- 
prise shown in ing with the situation with which 
they were confron is rione ‘the less to be com- 
mended. 








STEEL SPECIALS “AS A SUBSTITUTE FOR CASTINGS. 
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THE BERWICK ELECTRIC RIVET HEATER. 


WE recently had occasion to refer to the fact that 
the heating of rivets by electrical means had made 
some progress in America, and we are now able to 
illustrate the machine which has been brought out 
by the American Car and Foundry Company of 
165, Broadway, New York. Considerable experience 
has now been obtained with the working of this heater. 
The machine is of the resistance type and is of quite 
simple construction, as will be gathered from the figure 
below. It consists of a pressed steel frame carrying 
the transformer units at the top and fitted with pedals 
on the front side. During heating the rivets are held 
vertically clamped between two electrodes, as shown 
in the figure. The machine shown is arranged to hold 
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three rivets at a time, but other patterns are made 
ranging from a small machine designed for one rivet 
to a large one arranged to heat seven rivets at once. 
The rivets to be heated are held between copper 
electrodes which are connected together at the k 
of the machine by a laminated copper conductor. The 
electrodes are welded to the conductor. These elec- 
trodes, together with their back connection and the 
rivet which is being heated, form a single closed coil 
which acts as the secondary of a transformer. The 
a the transformer corisists of flat wound coils 
lying between the various secondary circuits. A 
laminated core is agiralewar ys ty k go phen. 
and asbestos shields are placed on ide of the 
secondaries to protect the pri coils from the heat 
which is uced. The lower electrode is connected 
to the and de ion of this draws the electrode 
dows: dad eabies tho-sivet'te bo placed position. 
The is then released and the rivet is held 4 
as shown in the figure, and at once heats up. The 
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| ages 


rare | circuits are controlled by a switch at the left- 
and side of the machine, but it is not necessary to 
break the primary circuit when a rivet is removed. 
If the machine is standing, or working intermittently, 
it is, of course, desirable to break this circuit to cut out 
the no-load losses. 

The primary coils are arranged to operate from a 
220-volt or 440-volt circuit of 60 to 25 periods. The 
secondary current is of the order 1,000 to 5,000 amperes, 
and the voltage about 2. This very low secondary 
voltage makes the machine very convenient in working, 
and it is unnecessary for the operator to wear gloves 
or use insulated tongs. The heating of a rivet takes 
from 20 seconds for the smaller sizes to 30 seconds for 
the larger. A single rivet can be heated on the 
machine, and it is not necessary that all the pairs of 
electrodes should be used at any one time ; 20 kilowatt 
hours will heat 100 lb. of rivets regardless of size. 
The makers of the heater have used it in their own 
works over a period of five years, and state that the 
saving as compared with oil or coke heating varies from 
20 per cent. to 70 per cent. These figures refer to 
energy, fuel and maintenance. There has been also a 
very large saving in the number of rivets wasted owing 
ping be ing and scaling. This figure for the average 
plant is placed at from 5 per cent. to 10 per cent. of 
the total used, and the loss is almost entirely eliminated 
by the electric heater. The rivets are heated by the 
current from inside so that there is no bad scaling 
and there is no stack of rivets under heat at one time as 
with an ordinary fire. Waste occurs with the usual 
arrangements owing to rivets remaining too long in the 
fire, or being left in at meal-times and the end of shifts. 





“Inpustaiat Ants [npEx.’’—This is the title of an 
index to engineering, trade and business periodicals 
which is issued by the W. H. Wilson Company, 958 to 
964, University-avenue, New York City. It forms 4 very 
handy of ref to all the articles published in 
the periodicals in question. 








Tue Austin Moron Works.—Speaking at a special 
meeting recently held to celebrate the reorganisation of 
the Austin Motor Works for the mass production of cars, 
tractors and lorries, Sir Herbert Austin, the chairman 
of the company, pointed out that the Austin Company 
had already delivered some 2,000 cars, starting eighteen 
months ago; and but for the moulders’ strike would 
have delivered 5,000 at the present date. They were, 
however, not alone in being somewhat behind their 
we ger s He had received a private communication 
rom 4 friend in the United States in which similar 
conditions were portrayed, one company alone being 
stated to be 350,000 cars down on their schedule. The 
Austin Motor Company’s gramme, while not com- 

le in actual bulk with such figures, was none the 
® genuine instance of mass ction. Twelve 
months ago, the programme of uction was fixed at 
per week. ‘The first part of this pr racine mashed wort boon 
week. of thi now 
practicaliy accomplished, as the 1 was turning out 
50 chassis a week, and over 120 bodies and 60 tractors. 
This was only . inning. mo py og progress = 
owever, mdent upon the lo co-operation an 
assistance of sub-contractors and the allied — 
generally, and Sir Herbert put in # strong plea for 6 
<oonbiaed effort on the hot all the trades concerned 
either directly or indirectly with motor car production. 


M 
If such ee ee a ut the 
country, could be i the i “ings tities 
of raw ial and accessories sequuicul Donppeee. 


and production figures would go up very rapidly. 
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STEEL WIRE AND WIREDRAWING.* 


By E. A. Arxins, A.M.I.Mech.E. 


Modern Practice.—The introduction of mild steel or 
ingot iron has more or less the character of 
the wire-drawing trade; in wire-drawing, as in other 
industries, mild steel having almost pushed the use of 
wrought-iron out of existence. With the exception of a 
little Swedish charcoal iron, wrought-iron has almost 
ceased to be used in the making of wire. y, 
mild steel is purer and more uniform in its composition 
than ordinary wrought-iron, and consequently much 
heavier pieces can now be drawn than obtained in the 
older days. The raw product that comes into a wire 
works is the rolled rod from the steel mill, this for ordinary 











Fia. 4. 


Microphotograph showing deformation of crystals during 
the “‘ flow” of mild steel. Magnified 40 diameters. 


purposes being about 5 gauge, and for special pur- 
poses any other sizes and shapes as required. In the 
rolling-mill billets are reduced down to bars about 
2 in. square with rounded corners, the latter then 
being rolled on until the required size of wire rod is 
produced, 

Cleaning.—One of the most important processes in 
connection with the making of wire is the proper 
cleaning of rods, so as to free them entirely from 
any form of scale, as this latter is fatal to good wire- 
drawing. The general practice is to submerge the 
rods in cisterns of dilute hydrocholric acid until the 
whole of the scale has been completely “ pickled” 
away. After cleaning in this form the rods are then 
well washed and allowed to stand until they are 
“browned” or coated with a film of ferric-hydrate. 
This “ coating” of wire is exceedingly important and 
should be carried out with great care, as the subse- 
quent drawing of the wire, especially for what is known 
as long holing or carrying the wire to fine gauges, 
depends very ly — the proper coating of the 
wire. After coating, the rods are dip into a vat 
of boiling lime water, lifted out, and well dried in 
hot ovens. The thin coating of lime on the top of 
the ferric-hydrate aieven the double purpose of 
protecting the brown coat and also of keeping the rod 
surface from corroding. 

ae of Paton, ae Ge either rods or wire 
c passed t t w-plate, it is necessary 
that the ends should be pointed ine conical form. This 
was originally done by hammering or filing, or a combina- 
tion of both. The bulk of the pointing at the present 
time is done by the aid of either rotary swaging machines 
or grooved rollers, in some cases other special mechanical 
devices are used for forming the point. 

Methods of Wire-deaning.—There are two general 
- a ing in vogue, one known as the 

dry,” and the other as the “wet”? method. In dry 


drawing the rod or wire is passed through a drawplate or 
die which has a tapered hole, the lubricant in case 





* Abstract of read before the Li 1 Engi- 
neering Society, February 18,1920... 





(6273.6) 





being a special form of well-dried soap. In wet 
the wire or rod is first coated with a thin film of copper, 
this latter being deposited by ing the rod or wire 


through a special solution containing sulphate of oa i 
on 


The wire then passes through a soapy solution an 
through the hole of the draw-plate. This method of 
wire ing a hard metal within a shell or skin of a 
softer metal been in use for more than a century, and 
in practice gives very good results. 

Tue THEory oF WIRE-DRAWING. 

In theory all that happens to a piece of rod so as to 
convert it into wire is that its length is increased and its 
diameter reduced by stretching or elongating. It is 
possible to reduce the diameter of a soft wire by simply 
stretching it either by having one end fastened and pulling 





Fig.2. LINES OF FLOW IN WIRE. 
U 



























Fig. 5. 
Microphotograph showing—left, 5 gavee rod ; and right, the 


same drawn to 10 gauge wire. gnified 120 diameters. 


Fig.7. WIRE DRAWN FROM 5 GAUGE (2/3) ROD TO 
IN 9 HOLES WITHOUT 


GAUGE 





Sectional Areas of Gauges 


at the other, or by fastening both ends and 
down But whilst this method is carried out by a 
few o—_ or a craftsmen in ~~ sapere Ted 
practical purposes the method is of no use for t 
of steel wire. What really happens when the rod is 
passed through a draw-plate is that the wire is assisted 
to stretch at any one instant over a very short — 
Thus, in Fig. 1 the complete reduction of the wire 
~~ over the length a to 6, the hole between the points 
and c being cylindrical. The problem, then, resolves 
itself into that of the flow of a metal through a reducing 


In Fig. 1 a diagram is given showing the forces that act 
upon the wire in the operation of wire-drawing. The 
force P represents the pull on the wire, and the forces 

the resultants of the circumferential pressure. In 
case under consideration it is assumed that a No. 5 
uge rod is being drawn down to No. 8 gauge wire, the 


3S 





Elongation per Cent 





pull P being 1,500 lb. The pressure on the shoulder of 
the wire out to 63 tons per sq. in. of curved surface, 

In considering the pre. @ unit volume of 
is taken, represen’ the truncated cone aa, bb, 
The work done on this unit volume by com’ on equals 
15 ft. Ib, The work done by the force P in s 
equals 9-6 ft. lb. ; so that the total work done in reducing 
the unit volume from No, 5 gauge rod to No. 8 gauge wire 
equals 24-6 ft. lb. The actual work done equals 35 - 9ft. Ib. 
So that the work lost in friction amounts to 11-2 ft. Ib. 
This, therefore, com: with the actual work done, 
ives 31-3 per cent. of work which is used in overcoming 
riction. 

With the enormous pressure of 63 tons per sq. in. on 
the shoulder of the hole, it is manifest that some form of 
solid or semi-solid lubricant must be used in wire-drawing. 





Fra. 3. 
Micro-photo of core of fractured wire, to a magnification of 
diameters, showing incipient cuppiness 
hard high carbon core, Carbon content of wire 
per cent. Carbon in core 1°2 per cent. 


Fig.6.WiRE DRAWN FROM 5 GAUGE (212) ROD 
TO #4 GAUGE (080) IN 4 HOLES. 


CHEMICAL ANALYSI/S 





(6273.4) Sectional Areas of Gauges 

For the Pim & wry hig it is ane ge A 
necessary t the metal sho pass throug 
draw- with even lines of flow, so that if any set 
of its across a wire be taken in a n section, as 
shown by p p in Fig. 2 (a), these should appear in the 
same plain section across the reduced wire, atrr. If 
for any reason the core of the wire lags behind the 
outer layers in flowing through the draw-plate orifice, 
then the points will not come in the same 
Irie. 2 (0), after passing through. the drew-plate. 
il, Fig. 2 (6), ing w- . 
we ae Orie a ees oe 

t ints of t 
section at p p will be in the relative positions s 
by the dotted curve, at « «, Fig. 2 (c). 

The commonest defect comes under the second 
nee oe the core lags behind the skin, giving 
the -known phenomena of “ cuppiness”’ in wire, 
which means that the core is actually fractured, as 
shown by Fig. 3, before the outer part of the wire is 
affected. The photo-micrograph shown is a good 
illustration of ‘‘ cuppiness,”’ the cause of the fracture 
being due to a core in the wire of a 
high carbon content. In this wire the incipient 
cups show up about every 4-in. of ite length. The 
henomenon of “ cuppiness”’ in wire, therefore, can be 
| emer w about by any defect in the steel or method of 
manufacture which causes uneven “ flow "’ of the material 
through the draw-plate. It hardly needs to be stated 
that incipient “ cuppiness’’ in wire causes extreme brittle- 


ness. 
Fig. 4 well illustrates what ha when mild steel 
is crushed and made to “ flow.” a gp is site of he 
micro-photo the full shape of crys wi seen, 
en rah ie t it will be noticed 
that they are crushed and elongated, so that the crystals 
on the immediate left of the photo show simply as drawn- 
"The coeroct ehape of the hole shoulder is very i 
correct of the holes v m 

as affecting the proper drawing of the wire, and the 
pull required to carry it through the draw- . The 
shape of the hole also depends mn w hard or 
soft steel is being drawn. Gen y & parabolic curve 














732 ENGINEERING, [May 28, 1920 
covering the Na. 1, a resul: The reduction of area per draft may vary from about | 8} gauge ; and then being reduced to 1 per cent. when the 
this sha ye aA RA Poof day redranad ice. rote 40 per cont.in heavy gauges down to 20 per cont. in lighter “as comes to 14 gauge. The elongation curve for 

The pull required to draw # piece of ‘o. 5 gauge rod Pay enema hard steel the reduction is less 1 . wii 2 ghad Beh cleo bee 
down to 84 gauge runs to about 1,600 bre he from these amounts. eee 4, that is, when / = n 
pgs prdonneereas wet Se ee Ervzots or WIRE-DRAWING ON PHYSICAL PROPERTIES tted, 

Fo Ree com y ny bre Par g b ee Od Pe Sones or STEEL. = showing the variation in tensile that it is 
and Se walle of the hole. The pull on the wire may The chief alteration in the physica] properties of steel | possible to obtain by varying the drafts, curves are shown 

Fig.8. WIRE DRAWN FROM UNTEMPERED ROD Fig. 9.WIRE DRAWN FROM 5 GAUGE (2/2) 


GAUGE (222) TO 10 GAUGE (129). 





U PERED ROD TO 30 GAUGE (-012)IN 18 HOLES 


Fig. 70. WIRE DRAWN FROM 4% GAUGE (223) 
TEMPERED ROD TO 31 GAUGE (OII6) IN 
18 HOLES,TEMPERED AT 8 GAUGE ( 



































































































TEMPERED AT 8 GAUGE (-I60) AND RETEMPERED AND 
AT I6 GAUGE (063). ad RETEMPERED AT 16's GAUGE (060). 
40} 0 os insnnenaaall CHEMICAL ANALYSIS i iA 
{ OF CURVE FROM 08% RGEMENT OF CURVE 
es | bs pws gepimmaties Silicon 13% FROM 19% GAUGE TO j 
% - 740) 65% 2 31 GAUGE, INCLUSIVE. of 
hoe © 180) O22 1 
é ds 
2% } g 
20) 700.5 
% ‘ 
15 55 é 
K Gl: 
10 4 3 3 ' { H i 
<< . 8 ' \ : \ 
yiiche: S ea 
7 7 p ii | iit 
273.4) Sectional Areas of Gauges Poth ie 
Fig. ZZ. 2 Mil) 31 





STRESS-STRAIN DIAGRAM OF MILD STEEL 


Fig. 11. TENSILE CURVES CARBON 12% 


FOR HARD AND - 
MILD STEEL. 
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CHEMICAL ANALYSIS Ihs0 > 
va g¢ Unanneale Fig.13. TEMPERATURE CURVE OF WIRE IN 
re eked va ‘9 AN ANNEALING POT. 
3 5 
{0% STRESS-STRAIN DIAGRAM OF HARD STEEL |, 
Fae Vee Fe so bonne 0000 ini8toles | {H0 & CARBON -60% : 
) 1 meet 100 » Gauge Tempo, 
8 sot 8 5Gauge 
bad f Untempered { 
60} i i\e} ¥ 
550 50 fi ¥ 
3, “3 it 
30F 30 \ 
Mild Steel Wire from 5 Gauge(:207) 
a2 Unannealed Rod to 33 (0098) in 20" FE: 
10} 20 Holes. Annealed at 16% (061). 10 
°5 a é i0 i af ee ae. ee _. # 0 
@1) Sectional Areas of Gauges 7") Elongation per Cent on 2 Inches 


(1) (2) (4) (5) 





(6) 








Fie. 14. 
Rod as rolled 16-Gauge wire Heated to Heated to Heated to Heated to Heated to Heated to Rod heated to 
as drawn. 540 deg. C. 600 deg. C. 735 deg. C. 840 deg. C. 900 deg. C. 1010 deg. C. 1000 deg. C. 
Tensile strength i1 
tons per sq. inch. 64°43 34 28°25 25°46 25°20 25°25 25°05 
Elongation on 2” 25 12°5 20 25 22°5 22°56 22°5 
Twists on 8”. 46 80 103 117 126 142 88 


Micro-Photographs showing Changes in Structure of 16-Gange Wire when Heated from 540 deg. C. to 1010 deg. C. Magnified 200 Diameters. 


with safety be allowed to amount to about 75 per cent. 


when drawn to wire is an increase in its tensile strength 
of its load. The speed at which the wire travels 


in Fig. 7 for a wire that has been taken down by lighter 
and a reduction in its elongation. In Fig. 6 curves are 





through the hole varies according to the diameter, but as 
an illustration it might be mentioned that No. 10 gauge 
will pass through the hole of the draw-plate at the rate 
of about 500 ft. per minute. For hard steel the speed is 
considerably less. 

Fig. 5 shows the structures which respectively obtain 
in the 5 gauge rod before drawing, and, as it comes from 
the rolling-mill, and the same rod when drawn into 
10-gauge wire. 





shown which exhibit the changes in the tensile strength 
end ion of mild steel wires having the chemical 
composition as shown on diagram. It will be seen that 
the No. 5 gauge rod as it comes from the rolling mill has 
a tensile strength of 27 tons to the square inch. In 
drawing down to 8} gauge this has increased to 42 tons, 
and at 10} gauge to 48 tons; 12} 


gauge to 53 tons; 
1¢ ge to 65 tons. Its elongation in 2 in. following 
m 


per cent. at No. 5 gauge, down to 5 per cent. at 





holes. In this it will be noticed that the tensile strength 
increases much less rapidly than when the wire is heavy- 
holed. From the diagram it will be seen that when the 
wire has arrived at No. 18 gauge, it has only about the 
same tensile as No. 14 gauge wire in heavy holing. 
From the above illustrations it will be observed that very 
considerable latitude can be obtained in the tensile 
strength of a wire according as it is heavy or light-holed. 

Three diagrams are given which exhibit some of the 
different properties which it is possible to obtain by 





733 


ENGINEERING. 


May 28, 1920. ] 











qieaoyer ao} eomond Suirowsted ogy nosy Sea Mf wo ©q TIT“ 41 pox pesedure, oy} ul 9nq ‘guiod prort ogrugep “ZHOUTVIP UT | GAINS OG} JUSTIAZET) SuLMEIP-oITM OG} PUBS PMos [003s 


ve Late pln «pap care e rpny Sespacy a ® Smoys por pesoduejzun oq} 


peorjou oq [Ia 41 10078 | peonper st esta og} se Ap1y81]8 BurseerOUT ‘poorjou oq [[144 9 | OY} J} SY AOGS OF SUISSS YOIyA pouTe}GO st earn sONUTy 


3°q3 

jaore AjsnonuT3;U00 sessed 41 se poowusny eq ABU! eXIm OY [| PIVY JO; SEAIND OY} UT “JOJOUIVIP UI peonpe:l St eITK ‘oso J, “MAOYS Osfe SI Spueg Jo eA, “Big uj—"spusgy =| -u00 & eq} Jo do} ey} sso10e oul] peyjop e Suruunz 

‘oul peystuy eq} ul pesmber semiedoid jeoruvyoeur oy} | se uoreZuoTe ey} UI UOT}ONpel 4uerd ey} a meen worm ‘zeq30 | Aq ‘“Buyedure;-er puw Sureduie; Aq Ajerour epeul 
ci 


qnoqe Sutiq 03 88 Zulmerp jo ese00id ey} ul e838 @ yons | prrm ©y} UT pearesqo O14STIO;OETEYS JorO oyT, “ZI “Bt 
78 coud sex} Ajyensn eit je038 p[tul jo Sutjeeuue oy J, Ul UMOYS Ore CUTYORU BuT4804 w0}4 |O WSHS} | 10098 UOGsIeo “gue0 Jod g/-( Wiod] UMBIP SI YOIYA OITA 


ey} UT [0048 UOgreO “gueO od F[-0 PU’ ‘eB OU OY} UI| GAINO o[IsU07 oY} UT Sd¥d oy} Apnys 04 BuTyseT0;UT BI 4 


“qout ezenbs 


“‘ONTESANE], GNV ONIIVANNY Ol 10048 prey puv plu Joy UTez3s-s8e23g | JO yIZueIT3s oq} UI dn 408 OF 48q} SEOUDIOYIp oy} cous 8 0} 8a0} OL[ 07 dn syunour y3ZueI}s o[Isue} OY} CTOq mM 


“s}]NSe1 OY} ULIFUOS 07 yNO peLLTeo useq 304 4OU | 38 MOUS [[14 Os0Y], “oTeOs OUTES CY} 0} UMBIP YI0q [0038 | ‘eFNGZ OF “ON 0} UO PoTITVO UOY} SI FuIMVIG’ “OITA OYt 


‘sesodand sej1ur1s puwe qdvisejo3 103 pesn oq 0} 81 4¥q} orl | CAvYy syueUTTIedxe quoryns se ‘Avs 03 OslmuN oq pmo | pirul pus’ prey Jo UMOYS GI sOsINO OTTSUE4 [[ “BIg UT jo y18ues3s 0g} Ul [[e} Z1q guonbesuoo v y3tm ‘“esnes QT “ON 
qe 


yeouus 0; Azesseoeu st 41 e01;08id ut yey} O8 ‘eouWysISeI | 41 a oa 2 eBuvi Oy} Ul OFB}s [EOTZLIO B ST SIG “en 05 “OL OF Poenpes enya oun wanes eae 2y S008 SIS 
[801zj}0079 83] Zulswerour jo yoyo ey} svy ‘pouorzueUt | 104} *eFnes FI ‘ON JNOGs 0} 9703 ots oy} uSyA di 03 dn sjunow y7Zue7s ojrsue, oy3 ‘eBn’ 


sexe} Sulsoduie}-0xy “syyerp OM} 9xXOU OY} 98 
fol ‘ON 78 | ureSe dn Surgoid Appider sty “q7Zuer3s ej1su93 6y} ut doup 


oq 3qBrar 47 ‘joo3s uo Sulmesp-osim yo uoresedo egy, | se1m 8 SI G10q} 484} PedTjOU oq [IM 4y ‘out Suteduie}-e1 puv oSne3 g ‘on 9e Sutseduie; qytMH ‘pos! oF PISUOO B SI G10} FBG} PeArEsgo eq [IIH 9! eo 
"pos peseduie; o8neZ g ‘ON oy} Ul UMOYS SB sana a 03 | 0g ‘ON 03 dn 9yZtz eBned g ‘oN UI por og} UIOIy UOISI04 JO | eq} Wor] Bulmerp uy “yout erenbs oy} 04 suo} gg jo ‘adned 8 “ON 38 8; Sutsedure; ys1g oy, “sFutsedure; 04 


[erjueFHue, sourooceq oul] yySre17s oy} ereym guIod oY} | U0T}eI04/8 oy} sUTv[dxe qoTYM UMOYS SI CAMO 8 J “3Ly UT q33ue238 o[1sue4 8 Sey 4]! UI-Fur]jor oy} WOIy SOUIOO 41 S¥ ‘por | G71H OFNes Og “ON 07 OBnVZ g “oN WIJ UMBIP [9048 UOGIBO 
‘Surqeods 


ApoNIg “UWAOCYS se980 O43 Jo Aus ut AzI0INsE;e Jo 4rUIY]| UT ons Ajzemorsed st siqy, “ZuruuTy Jo Sutsrawa 
ey} euyep 0} 4]}08xe Asve jou st 41 98q} peolzou eq pmmoys| sev Yons ‘yueUI;BeI3 ein} w1e3 MOT jo U0; Au pue “Burn 


10048 JO} UMOYS SI CANO qIZueI3s O[ISUe4 B OT “BIg Uy *gueo I 4 S80] OF UMOP “gued Jed ¢Z WiOdy 
ueT]ey Sey “Ul Z UI UOT oye OY} W]TYA ‘{ oFned OT oO 


31 ‘ospy “gurod pyerd peuyep Ajzvop ou st es0y} yey} | ‘BuLmerp-ertM jo yeu ‘Zurzedure, jo qoul ‘[vlle}eUl |-JeAO UlOy Zurzoyns so ueyoIq But qgnoyzta codes qe 8u0} g/ 03 dn ‘sefoy ery} UMEIp USS ZulAvy Ur ‘edn: 
q poy F poy ye iq eq q 


Weds OF [ILA $1 SUIBIZEIP 043 40g UO OTM UMBIP JO} SEAINO | oY} JO UOTZTPUCO eYyy Aq pesoe]e 











req Ajs0doad sty} | 1euy og} 07 UMOP UMBIpP oq 0} 41 o]quUS 07 SB Os ‘aI0M 41/| Fp “ON 9B SUF LH WIJ posBoIOU! BYY POI UOGIVO “QUOD 


oy} Burye;, ynq “por pereduie; 10; ons} Ayuo 4ou sI sty, | ‘UOTS104 Jo 4By} SB COUONYUT Jo UI; AUW 03 GAIzISUOS O8 ST | SB ‘dn 431] B OITA OY} OAIS 07 WEES sBe00Id Butreduie}-e1 | sod FQ. 0 B JO YISuIS O[Isu94 OY} FBY} PEOTJOU Oq [[T 41 
‘eAmMO SYyUO UMOYS st 4uIod preys ou 4eyq3 peazesqo | yoy erm jo Aqzodoad yeorsAyd ou st er0y ,—"u0res0,7, pus Sutseduiey egy, “ABM sty} ul Suoye onuryu0o pmom!g “BIg uy ‘10038 OY} Jo yuUeZUOD UOGI¥O oY} ZuTsBeZDUT 


esoussuvpy “3U90 Jod 7g.9 puv Uogivo “gue0 Jed 1/.9 & Jo Sursodme}, O44 Ul “UI OZ]. JO YAFUS| B J0A0 041G108 04 oFISUE}7UUT WII] OFULAO bed oe Sapmoys sydeaSoyoyd-o10;u jo dnoi3 eweiourg 


‘6I ‘OW 








“BIOUIVIP OOS Poyra 


Bey ‘opiqios 04 peZuvyo Ajor4ue ommjonss Sulmoys 


“s1VOMIVIP OOT Poyru ‘SIOVOUIVIP 0OZ poyruseyy “ory oFne3-gT “SIMOUIVIP OZ Poyrusey por poredwio, 4ySit feyru0ey puv oyjived Supmoys 
“Bey ‘oowpins posanqivosp Ajrerzed Zurmoys Suried OF UABIP pol eUTeS O44 “44311 puv ‘por posedmojun ‘eM o8ne3-g_ 07 UMLIP oes O43 pPuY por poledmd; ‘por edujun ‘4joy : por uoqavo quoo ied 69.0 
-ule} JezjJe Pol , [0048 prvy Jo oFpo jo qdei%0,04d-o1017q eBnvF-g ‘uoqivo 9-0 ‘9J] :Buimoys ydviFo,0qd-o101y e8ne3-g jo omyonys o1jiqios Supmoys ydesFZoj0y4d-o101 py @ uo Sutsoduray jo yooge 049 Burmoys qdevsSo,oqd-os1y 


“SI ‘OL “LI “OIL ‘OT “OZ "ST ‘OTT 













OS es 


‘DNIMVUCAHYIM AUNV AYIM THALS 

















734 ENGINEERING. [May 28, 1920. 
or semi-muffle furnace in bulk for such use as rivets, bolte, | the total ts of sh announced for voting at 


used, these latter being lifted ready into a special 
type of furnace, and removed into|a cooling pit when they 
have at he required temperature. 


A heating} and cooling curve showing the changing 
tem ure over 24 hours is shown in Fig. 13. The pot 
in this case weighed 35 cwt., and its wire contents about 
“Gey Te 
P in the wa ing temperature in centre 0: 
a mass of metal of about 3} tons. 

It is fatal for thin wire to be overheated in the presence 
of even small quantities of air, as the surface quickly 
oxidises, and the wire becomes what is known as “ baked ” 
by the oxide welding 4 

Wire is samage § affected by quite low temperatures. 
The following table shows the changes that take place 
when a No. 16 gauge 0-12 cent. carbon mild steel 
wire is heated from atmospheric temperatures to 1,010 





deg. C. 
22 |; $e 7 is 
$ os =| 8 o 8 L m . 
Be | Ges |goe, g A $a | 4. 
x} | £32 38 3 38 & 33 
2 es i ie i a’ 24| feo $3 
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Wire as | 

drawn | — — — 64-43 2° 46 
15. 540 15 50 34 12°+5 
25.. 600 26 50 28°26 20 103 
60. 735 10 60 25-46 25 117 
120 840 10 60 2 22-5 126 
120. 900 10 100 25°26 | 22-6 142 
180 ..| 10,10 10 130 25-05 | 22°65 88 

















From the table it will be seen that the wire attains 
its greatest softness somewhere about 850 . C. 

Fig. 14 is a group of nine micro-photos ing the 

which take place in the micro-structure, mild 
steel rod (No. 1) when drawn down to 16 pnee wire 
(No, 2), and then as heated from 540 deg. C, to 1,010 deg.C 
(Nos. 3to 8). By comparing Nos. 8 and 9, it will be seen 
that the 16-gauge wire can be brought back in to 

rare, A same oo © > rod if sufficiently 
eated, change in the physical properties inst 
the corresponding structure will also be noticed. + sree 

Tempering.—What is known as the “patenting” 

in wire manufacturing, consists of running t 
wire continuously through a tube furnace and cooling it 
in air or some other medium, with the object of regulating 
the rate of cooling so as to set up such a structure in the 
steel as will give maximum strength and to . The 
structure which gives these desirable qualities is what is 
known as “sorbitio.” Ifthe rate of cooling is too quick, 
then the hard “‘ martensitic”’ structure is formed, which 
results in brittle wire. With slower cooling, the structure 
becomes either “‘ sorbitic- lite”’ or “ pearlitic,” and 
with very slow cooling final transformation takes 

lace, producing the normal “‘ pearlite-ferrite.”” The 
ast mentioned structures iy successively 
decreasing tensile s h. It will seen that the 
above method of tem is of a positive character, as 
instead of cooling the steel very rapidly and tempering 
it by re-heating, the required condition of the steel is 
engendered by simply regulating the rate of cooling. 

As showing the great ge that takes place in the 
structure when a rod is tempered Fig. 15 is a good illus- 
tration. In the right hand half of the micro-photo it 
will be observed that the ferrite has been almost com- 
ney absorbed, the structure becoming sorbitic. 

ig. 16 shows the structure of tempered rodfand the 
13-gauge wire drawn from the same. Fig. 17 is an 
extremely good micro-photograph, showing both the 
structure of the untempered rod and the same when 
drawn into 13-gauge wire. In the process of eas 
the surface o on 9G yes See 1S y de- 
carburised (Fig. 18), Ignoring losses through the forma- 
tion of scale, this is rather an advan as it gives a softer 
skin for wire-drawing purposes, which enables the metal 
to “flow” through the draw-plate hole somewhat easier. 

A somewhat remarkable group of micro-photographs 
is shown in Fig. 19, these being taken from a steel rod 
which was erratic in tempering, some parts being hard and 
some tough, ‘The micro-photographs show that the 
rate of cooling was just on the border line between giving 
® martensitic structure on the one hand, or a sorbitic 
on the other. By careful testing, a piece of rod } in. 
long, was found which gave the hard structure at the one 
end and the tough structure at the other. The structure 
over the range of } in. is shown in Fig. 19. Whatever 
may be said with regard to the formation of troostite 
it would appear from the micro-photograph that all the 
dark areas shown from one end to the other are of the 
same structure. 


(To be continued.) 


A GERMAN INDUSTRIALIST’S VIEWS ON 
SOCIALISATION. 
—— to the Employees of the Allgemeine Electricitats 


, by Fetrx Devtscn, Chairman of the Board 
of Directors. 





(Concluded from page 704.) 
But even if all these figures are aeneeeee, it is alwa 
wm es that this small share of the ts flows into t' 
ets of a few capitalists, who hold the shares and thus 
accumulate gigantic sums. 
This contention is equally incorrect, as the following 
figures clearly show : In order to obtain some guidance as 
to the distribution of the share capital, I have ascertained 








wing | the general meetings of some companies and large banks. 


I have selected the following very large undertakings ; 
(1) Deutsche Bank; (2) ievsanteMectinchels 
3) Dresdener Bank; (4) A.E.G.; (5) Gelsenkirchener 
Bergwerks-A.-G. (6) Phenix A.G.—and found the 


ollowing : 

At the meeting of the Deutsche Bank 11,600 share- 
holders were represented, holding between them 47 per 
cent. of the capital, the average holding being 11,000 
marks. In the case of the Disconto-Geesllachaft, 
8,434 shareholders were represented at the meeting. 
These held 27 per cent. of the share capital, and the 
average holding was 10,000 marks. At the Dresdener 
Bank meeting, 10,525 shareholders took part in the 
voting. These held between them 40 per cent. of the 
capital, the average ocuges Beye 8,300 marks, At the 
meeting of the A.E.G., 8, shareholders were repre- 
sented, holding between them 40 per cent. of the share 
capital, and the average holding was 9,250 marks. 
In 8 similar way it appears that 6,323 shareholders took 
pans in the voting at the em meeting of the Gelsen- 

Bergswerk-A.-G. They held 50 per cent. of 
the share capital, and the average holding was 13,000 
marks. Finally, in the case of the Phenix A.G., the 
shareholders represented at the meeting held 40 per cent. 
of =~ share capital, the average holding being 8,600 
marks. 

From these figures it appears that altogether only 
40 per cent. of the shares were represented at the general 
meetings; but if we take into consideration that the 

vincial banks and bankers do not specify each indivi- 
ual shareholder, but announce merely the total of the 
shares they represent, and that finally the large 
majority of shares remained unrepresented because 
they were divided among an enormous number of small 
private le, it must be clear that the average holding 
of each individual shareholder can hardly amount to 
more than 3,000 marks to 5,000 marks. But this distribu- 
tion means neither more or less than that the bulk of the 
German share capital is divided among so huge a number 
of individual shareholders, that it must already be con- 
sidered as “‘ socialised.”’ 

It is widely—and entirely erroneously—believed that 
the accumulation of capital in Germany is a consequence 
of the development of limited liability companies ; 
this is quite wrong. Commerce and private industry 
represented by such people as before the war, pursued 
the business of apothecaries, saddlers, goldsmiths, lock- 
smiths, butchers, small contractors, publishers and 
printers, and those e in outfitting and textile 
trades, &c., import and export of goods, in horse and 
cattle dealing, &c., crea’ the greatest part of our 
a Sy before the war. 

The + eae * mason of limited liability companies 
depended on the participation of the capital earned and 
saved by these people. , 

It may be objected that in the above resume as to the 
division of the profits no account has been taken of the 
“*seoret reserves.’’ These reserves do indeed exist, but 
the case is this: They have originated in the writing-off 
of machines, tools, patterns, and in the careful estimates 
of the value of investments and stocks. Without these 
precautions there could be no guarantee for the continued 
existence of a company, no security for dividends to the 
shareholders nor for the existence of employees and 
workmen. ‘These secret reserves enable a company 
to follow up and to utilise the never-ending progress in the 
whole world, to bring their manufacturing processes up 
to a high level and to obtain for the sale of their products 
an ever wider market. 

I shall illustrate this to you by an example: Former! 
we, like all other manufacturers, were in the habit 
of using machine tools, each of which required theserviees 
of one man. Well, one day new machines were offered 
to us from America, which require the services of only one 
man for three machines; this meant a considerable 
saving, and we could not hesitate to incur the great 
expense for the purchase of these new machines. But 
the technical development did not stop there; two or 
three years America brought into the market 
a fresh type, of which nine machines could be served by 
one man, It is true that a workman of a higher intellect 
was required for these machines, whilst the older type 
had required nothing but purely mechanical attendance. 
It stands to reason that the ) Eas expenses for these 
fresh could only be borne by a concern, which 
had e sufficient large turnover to enable it to make the 
fullest use of t nes. This was the case in 
the A.E.G. factories: they had for their ucts 
a market which incl the whole world, and 
is the whole organisation of the A.E.G., consisted of 
approximately 400 branches: They were thus enabled 
to take the risk of scrapping machines bought only 
a few years previously and replacing them by the 
improved type, but we could only take this step because 
we had already written off the em 
wise we would have been unable ~ also for the 
amortisation for the latest types, and we would have 
been forced to abandon the business to more intelligent 
and cautious competitors, and would have found o ves 


unable to compete effectually with them. 
You will justly inquire, what has been the result of 
all this huge expenditure ? 
Our statistics show that in small motors we sold :— 
Machines. 
1903-4 ... ose hei — --» 13,000 
1904-5 ... ay am <a ---» 15,000 
After introduction of the new machines :— 
1909-10 woe ows ene 47,000 
1913-14 aes ons . 89,000 


This shows that these huge sums were intelligently 


and profitably invested. I feel that by this one example 


er machines, other- | the 








I have already sufficiently shown the necessity for the 
creation of secret reserves. But this does not by any 
means exhaust the subject. . 
_ A company which is not in a position to spend con- 
siderable sums for patents, new constructions and 
experiments cannot retain its position and its reputation. 
Thus we have—to pe you an illustration—spent 
vi 


1,000,000 marks in loping the Nernst lamp ; and 
the its on steam turbines up to the moment 
when construction could be consi as definitely 


fixed, cost us over 5,000,000 marks. We were entitled 
to spend such sums on experiments because we knew 
that, if we succeeded we should obtain a turnover, which 
would — compensate us for the amount expended, 
whilst if we were unsuccessful, the expenditure could 
be covered from our reserves without affecting 
dividends, salaries or wages. Our expectations have 
also in this case been fulfilled ; up to the outbreak of war 
we have sold annually steam turbines of a value of about 
30,000,000 marks, but this would have been impossible 
had we not been able to draw on our secret reserves for the 
8 ive experiments which were indispensable. 

im ce of the secret reserves reaches still 
further ; it goes to the very foundation of an enterprise, 
and affects ore the fate of its employees and 
workmen ; for they alone make an adjustment between 

ood and bad years possible ; if we do not create reserves 
uring the years of favourable constellations, every 
unfavourable wind would threaten our existence. We 
would be unable to cover the losses of had years; we 
could not continue to manufacture articles which had 
become temporarily unprofitable, but would be forced 
to lower salaries and wages, nay, to dismiss employees 
and workmen. The reserves alone enable us to keep 
above water and wait for better days; we are indebted 
to them for the possibility of protecting the market from 
being disturbed so that a certain s' in the value 
of our sh can be ted upon, which is for us an 
urgent necessity because we have to appeal to the market 
for fresh capital uired by our ever-growing under- 
takings and its vindiehes in us is iediaguanable fee these 
P . Great fluctuations in the dividends would 
wr ory away capitalists and would make the procuring 
of new money v difficult, if not impossible. Such 
alarms could not avoided without reserves; only 
because we had always before our eyes the possibility 
of an unfavourable turn of affairs have we emerged 
stronger and stronger from the catastrophes suffered by 
other companies such as Schuckert, Helios, Kummer, &c. 
It is no doubt known to you that many companies in 
America have been severely criticised because, without 
thinking of the future and the possibility of unfavourable 
constellations they distributed every year dividends to the 
full extent of the — they had on hand; it was 
consequently inevitable that after a year with a dividend 
of, say, 15 per cent. no distribution at all was possible 
during the ensuing period, and consequently that, to 
the dismay of the shareholders, the price of the shares 
fell precipitately—partly because persons in touch with 
the working of the companies and consequently well 
informed of the internal situation could easily initiate a 
pernicious gamble in the shares. 

I believe, therefore, that there can be no doubt as to 
the absolute necessity of creating strong internal reserves, 
and even a Socialist administration will not be able to 
do without them ; for we must not overlook the fact that 
‘socialism ’’ and “ capitalism’ are by no means con- 
trasts in this respect. Both demand identical forms 
of production; they will consequently be unable in 
practice to do without the same, or, at least, similar forms 
of organisation. The only thing that socialism can 





YY |rationally demand unless the term socialisation is to 


remain an empty phrase, is that organisation of our 
industrial life which will obtain the greatest possible 
benefit for the population as a whole. ‘ 

I hope to have convinced you that, even without losing 
the war and without a revolution, we were on the way, 
solely through the vital force of our natural develop- 
ment, to realise all that which democracy for decades 
past has aimed at in its demand for socialisation 
of our means of production, namely, the socialisation 
of both the profits and the capital, but without, by 
precipitate experiments, turning our economic life 
upside down and thereby risking its complete ruin ! 

Well, this natural development has been most seriously 
disturbed and endangered by the revolution and by the 
introduction and the execution of the Hindenburg pro- 
gramme. 

What I have told you about the relation between 
dividends and the direct and indirect expenditure on 
workmen and employees refers only to the period up to 
December, 1917, because my compilation only refers 
to a period of ten years up to that point. Since then the 
proportion has been considerably altered for two reasons. 
We were faced, first of all, by a sudden rise of all expendi- 
ture in consequence of the hairbrained manner in which 
military authorities placed their orders with indus- 
trial establishments. They fixed the cost of production 
as the basis for the calculation of the prices of many com- 
modities, the industrialist was ly no longer 
forced to be as careful as formerly with regard to the 
demand for increases in wages and salaries, since 
every such rise increased the profit in the same propor- 
tion, in which the original cost of production was in- 
creased. At the same time, the inflation as well as the 
fall in our “ Exchange ’’—caused by the cessation of our 

the difficulty of feeding the people, 
resulted in a continuous fall in se nasing a 
our money, which, in its t to arise in the pric 
of the necessaries of life and thereby to further rises in 
wages ; we had thus got into a vicious circle from which 
we were unable to break out! The other reason which 
caused a dislocation of the ion between the sums 
expended respectively in dividends and wages, &e., 
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was created by the situation caused by the occurrences 
of November 9, 1918. In the chaos of the revolution 
the arrangement had to be abandoned which had been 
the outcome of many months’ negotiations between 
the leaders of the Labour-Unions who had staked their 
reputation on maintaining an understanding between 
mployers and employed. 
ith the annihilation of all authority and the loosenin: 

of all ties, even the otherwise commonly-recognii 
authority of these Unions could not be maintained— 
and employees and workmen raised their demands to 
figures which they would themselves have considered 
utterly unreasonable a few weeks earlier. The class 
egotism of the workmen took an attitude so entirely 
bereft of all reason that pags Arsen to be warned by one 
of their own leaders not to dishonour the revolution by 
converting it into a fight for wages. But in spite of the 
immensity of their demands which serjously ae gto s 
the continuation of industrial work, these had finally 
to be conceded less worse befall, at that serious and 
danger-threatening period—and after prolonged negotia- 
tions an agreement was concluded between these unions, 
the committee of arbitration and the Union of Berlin 
Metal Industries. 

The following figures show the average monthly 
salaries and wages paid at different periods :— 


Employees, 
31-7-14. 31-10-16. 31-10-18. 1-1-19. 
Marks. Marks. Marks. Mar 


Male 216-00 300-00 505-00 560-00 
Female 94°60 109-00 210-00 253-50 
The f include the war bonus of December, 1918, and 


a “debt allowance”’ on December 10, 1918. 

This constitutes for the A.E.G., on the basis of the 
number employed in December, 1918, a yearly increase 
of over 19,000,000 marks, as against 1914, thus :— / 


1914 12,204,000 
1919 31,436,000 
Increase ... 19,232,000 


In these amounts the sums paid as participations in 
profits, and as commissions*on turn over are naturally 
not included. 

The increases of salaries fixed lately by the Committee 
of Arbitration show a further addition of some 7,000,000 
marks to 8,000,000 marks. 

The ane average wage of all categories of workers 
amounted per hour to 


— 


Fixed by the 
1913-14. 10-1-17. 11-10-18. Union, 
Marks. Marks. Marks. Marks. 
0-59 1-08 1-51 2-21 


The percentage increase of Union wages amounts for 
all categories of workers, as compared with 1913-14 to 
270 per cent., as compared with 10-1-17 to 115 per 
cent., and as compared with 11-10-18 to 50 per cent. 

Taking the wages as last fixed by the Union as a basis 
for calculation, we find, with the relative number of 
workers in the A.E.G., an expenditure in wages of 
142,000,000 marks, against 37,000,000 marks in 1913-14, 
showing an increase of 105,000,000 marks ; as compared 
with the conditions on October 11, 1918, there is an 
increase of 46,000,000 marks. 

Now try to imagine, what a change the whole picture 
has undergone! Nothing is left of the yield of 5 per 
cent., and nobody, neither banks nor capitalists—if any 
such should be left after the tesque taxation plans 
which are being seriously considered by the Government 
—will be able to place any money at the disposal of the 
industry. 

We know already that all mining concerns are working 
with large losses, that the credit balances, which the great 
concerns still with the banks a few months ago, 
are exhaus and that the banks cannot take upon 
themselves the responsibility of placing further credits 
at the disposal of industrial concerns. 

How does the economic position in Germany present 
itself at the present moment, and is it capable of carrying 
such a burden ? 

The armistice concluded with the Entente powers 
means a newly-tightened blockade. Sea traffic with the 
Scandinavian Nations is blocked, no necessaries of life 
reach us from Roumania or the Ukraine. The orders 
placed by our home authorities have been cancelled and 
only limited quantities produced may be produced at 
proved original cost in order to obviate large dismissals 
of workers. Our railways arc in a deplorable condition. 
The hasty retreat of our troops, the enormous over- 
burdening of our rolling-stock during 4} years, and 
the impossibility of making the repairs in an 
orderly manner, and at the proper moment, have led 
to @ complete breakdown of traffic. Add to this that 
the Entente has stipulated for the handing over of 
150,000 cars and 5,000 locomotives. Under these 
conditions one is entitled to say that the Senge of coal 
is in @ great measure a question of transport. Certainly 
not solely a question of transport, but also a question 
of production. After the armistice the French and 
Belgian prisoners of war who were up to then employed 
in mining operations refused to work any longer in the 
mines and prevented even the Russian prisoners, who 
were willing to work in the coal mines, from continuing 
this occupation. As no new workers offered themselves, 
and as the soldiers also, who returned from the front, 
despised the work in the mines, the production of coal has 
since then decreased by leaps and bounds. If this 
situation continues all industrial activity must cease— 
the factories must be closed and the workers dismissed. 
The increase of wages, which they have forced through 
by the strongest p e and threats of strikes cannot 
protect them from this fate. 





The position in to raw materials is also most 
critical. Our hope of obtaining these has been deferred 
to a far future by the fact that our whole mercantile 
marine has had to be handed over to the Entente. It is 
to-day impossible to forecast when we may obtain raw 
materials, as also what quantities may be allowed to us— 
and without raw materials we cannot exist. The prices 


of these materials—of which we, of course, possess only 
very limited quantities, have reached a fantastic height. 
Per Cent, 

Copper has risen about ... one 270 
Aluminium has risen about 310 
Tin has risen about Seo me 345 
Zinc has risen about... ode 160 
Steel has risen about... eee 200 
Glue has risen about... “ee 340 
Varnish has risen about 565 


Whilst many raw materials are to be had abroad at 
low prices, for instance, indiarubber, which commands 
a lower price in the world market than before the war, 
but the importation of this into Germany is not 
permitted, 

Another point appears to me worthy of being dis- 
cussed in detail. tely, when discussing questions of 
salaries and wages, demands for scales of salaries have 
been formulated for different ages and groups of 
employees, If such demands were conceded we would 
arrive at a complete bureaucratisation of our economic 
life—a State of affairs which I assume a great majority 
among you would hardly be prepared to agree to, 
State employment every category of cmenres and 
every individual among them has to fulfil a special 
strictly-defined work, and besides their salary these 
employees were com ted by orders and titles and 
small pensions. Under such circumstances, one may be 
able to work for different de ments with a scale 
of salaries whose steps the individual climbs in the course 
of years, which however, is so modest, that you have no 
reason to wish to see this system transferred to the 
employees of private concerns. You cannot overlook that 
for those who have to find work for their employees, 
dividends for their shareholders, and payable occupation 
and a guaranteed existence for themselves, a different 
stamp of men and different methods are indispensable. 


We, in the A.E.G., have from the beginning worked on b 


the principle of allowing all those workers who are instru- 
mental to the profitable working of our concern, to 
participate in the profits of the company. We have 
given @ commission on their sales to our salesmen and 
travellers, a share in the profits of their products to our 
department chiefs in order to make them personally 
interested in delivering the greatest possible quantity 
of finished material from their de ments, we have 
given the heads of departments in Berlin and the chiefs 
of our branches a share in the profits just the same as our 

and directors receive their share of profit 
— ing to the amount of profits distributed as divi- 

nds. 

We have considered that this procedure resulted in the 
mutual benefit of our co-workers and our company, and 
we have at the present moment over 1,000 employees 
who are, in one way or another, participating in the 
profits of the concern. Only those a Ny whose 
utility for the concern is not demonstrable by Soom, 
because their work is more of a quantitative t a 
qualitative nature, receive fixed salaries, which, however, 
are far and away above the scales of salaries granted to 
the employees of the State—so that none of you can have 
&@ money interest in exchanging his position in the 
A.E.G. for a place in the public service. 

But even as posts with fixed salaries 
we do not proceed automatically. A capable ‘ con- 
structor’’ must according to capacity be more highly 
rewarded than one of smaller utility, just the same as 
an experienced book-keeper or any one employed in other 
directions must be rewarded according to his merits. 
Furthermore, we take care that these categories, too, 
are in @ measure participators in the profits of the 
concern by granting special bonuses in favourable years, 
after the general meeting has taken place. 

In this connection I should like to point out that with 
us—as with most large institutions—there are at all 
times a greater number of highly-paid positions at our 
disposal than we can fill with fully-qualified candidates. 
Ido not mean to say that quite a number of candi- 
dates do not consider themselves fully qualified to fill 
such tions—but we have unfortunately only too 
often found out that there was a lack of the necessary 
experience, organising capacity and initiative, but eve: 
one of you has the possibility of attaining such - 
tions and obtaining the corresponding income. am 
therefore, of the opinion that apart from fixing an initial 
income which must represent a sufficiency for existence— 
and which I consider indispensable and practicable, 
re through of the demands which I have 

i would not be of any benefit to you, but would 
be a distinct disadvantage to all —s employees. 

And cannot we, after all, describe all contract work 
as @ participation in profits? Every clever and in- 
dustrious worker obtains thereby the possibility of 
ome ay Sade ea benefit over and above the normal 
wage, use he also, through his extra work increases 
the profits of the concern. consequently feel safe in 
suggesti that in your own —- as well as in ee 
nterest of our company, you will reject ev °! 
salary which is based on any foundation differing from 
the one which we have now in use. 

Before the war we exported about 40 cent. of our 
total turnover to foreign countries. This part of our 
turnover is now lacking, and I am afraid it will still be 
lacking for a very long time. Thus, even if in conse- 
quence of the enormous rise in our wages, salaries and 





cost of materials, we raise the prices of ‘our products 


In | 
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thereby to compensate to any appreciable degree for 

losses, which must result from the loss of our foreign 
business and the great reduction of our production caused 
thereby, which again conditions an increase in our original 
costs. It is just this circumstance which the socialist 
idealogues are wont to overlook, although this cannot be 
too sharply pointed out in the interest of employees 
and workmen. 


If things continue to develop as they have done since 
November 9, 1918, if you all continue to make de- 
mands on industrial undertaki which these concerns 
are in reality unable to fulfil, t even the most un- 
sophisticated workmen will soon understand the relation 
between the internal political economy of a country and 
its capacity of competing in the world’s market—and 
equally the interdependence of this competitive capacity 
and own, the workman's, welfare. 

Unfortunately, this knowledge might easily come too 
late, at a time when there is nothing more to save and 
when Germany has lost her position in the world’s 
market for generations tocome. Andif the “ Autarkie’’ 
(i.e., economic self-sufficiency) which, as a consequence 


of the probable scarcity of raw materials at our disposal 
after war has been suggested by some of our political 
economists as a subject for discussion, an accom- 


am fact, millions of workmen who have formerly 
employed in the production of our merchandise 
for , would be unemployed, and would be forced 
to e into happier countries where they would be, 
their brothers were before the great development of 
our industries, cultural manure for foreign nations, and 
would have to work for foreign prosperity. You and 
your leaders should, however, not ive yourselves 
about the fact that, with the feeling, bone 
duced against us all over the world by the war, iy 
would be rewarded by contempt and humiliations of 
every kind, Fig ow beasts pb oh Bd 
who have been forced to send part of their pop on 
into foreign countries because their own soil did not 
afford them oF gray | of existence—and the German 
emigrant would have to expect into the bargain, the 
worst humiliations and persecutions from the members 
of his own class because to them he would only a; 
in the objectionable shape of a “wage cutter’’ or 


lackleg. 
of I wish to draw your attention to another 

very ous consideration; wages and salaries are so 
much higher in Berlin than in the provinces that Berlin 
industries become more and more incapable of com: 
against those which are domiciled in Bavaria, y 
and Westphalia. Unless these conditions change soon, 
we shall have to choose—and you must make it clear in 
your own circles—only between two alternatives; we 
scunapian® them into the provingsi. I need met enguins 
ti t nto noes. not 6 
to you what both these alternatives would mean to our 
con Wie louined ainda, enctngheytunh; aiid Up tuts Ot bee 
on t t ie, unemplo t, and t of t 
Berlin industries. ~ 4 

In conclusion, we are neither able, nor do we desire 
to oppose ourselves to the current of the times which 
presses towards social reforms and will surely effect 
them. But I repeat what I have said at the beginning 
of this address; such reforms are only possible on the 
basis of sound and orderly economic conditions, they 
lead to the ruin of the individual and the community, 
if they are attempted on a shaky basis and in a rash, 
precipitate and amateurish manner. If by the facts 
and I have placed before you, I have succeeded 
in convincing you, that, in our present situation, we 
find ourselves on @ declining plane; that exaggerated 
demands by employees and workmen cannot bring them 
any benefit, but may in a able dist of time 
bi our industry to o standstill, and themselves to 
unemployment, and that we must jointly endeavour to 
come to a basis which enables us to work conjointly in a 
mutually prosperous community—as we have done in the 
A.E.G. during the last thirty-six years—a community 
in which you participate by your confidence in the 
discernment of your superiors and their interest in your 
welfare ; in which the company is inspired by the desire 
to maintain its honoured and generally-reco; 
position among the industries of the world and to promote 
also the interest of all of you conjointly with the develop- 
ment of our company—if, I say, I have succeeded in t' 
object, then I am convi that I have rendered a 
s2rvice of use to all. 








THE ART OF SYSTEMATIC INQUIRY 
(RESEARCH), ITS PLACE IN INDUSTRY.* 
havi By (Dr. H.\E. Anmsrrone. 


In what does the Art of ne consist ? We must 
suppose that, like other arts, it has been evolved. It 
has been systematised only for a cent’ or 80, but its 
origin must go back to very early diteen, eben intelligence 
was beginning to dawn w mankind, for without 
inquiry gress is im ble. In og ee we may 
contemplate some course as the following, in the 
case of the common material, limestone. 

Limestone is distinguished by the abundance of 
caves in it. In early prehistoric times, man lived in 
these caves, and has left evidence of ey * in them, 
Whenever the use of fire in cooking f was discovered, 
within the cave the fireplace will often (if not always) 
have been built of limestone blocks. The limestone 
would crack and soften, and from time to ea tay | 
burned blocks would be thrown out as , and 
thus become exposed weather. Its peculiar 


* Abstract of lecture delivered to the Ceramic Society 
at their meeting at Stoke-on-Trent, April 29, 1920. 
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behaviour in contact with water could not fail 
to 


' 


as a murder of the cruellest kind, as the valuable strong 
This is one 








noticed—getting hot and smoking, falling metal is changed into a worthless powder. 

and finally broken down to a oo cng esernee The | reason why science makes so little headway in our society ; 
distinction between limestone and li ween mild | another is that it is necessary to know a great deal, if 
and caustic lime, must have been made very early. | effective use is to be made of sci , the probl bei 
If the burned lime hay to be thrown on @ y |rarely simple. But the principles of scientific me 
soil, rain would not only slake the lime but wash some of |are of universal application and within the e of 
it down into the sand; the mixture would or | ordinary intelligence ; it is these we need to bri ome 


later become hard, and the first step would have been 
made towards the discovery of mortar. The discovery 
—— was not made very early, for the Egyptians 
and even the Romans used to build without mortar, 
Pyrite is another common mineral, which supplies the 
sulphur given off in burning coal; it occurs as golden 
yellow scales on many coals. The name is derived from 
the fact that when pieces are struck together, glowing 
sparks are produced, and it was doubtless used in very 
early times for procuring fire. Pieces of pyrite have 
been found together with the rudest forms of flint 
implements and other relics of human activity. Pyrite 
was certain to be valued enough to be and 
stored by prehistoric man, When left exposed, it soon 
weathers, ming ly soluble in water, so that rain 
falling on a heap of the decayed material would wash 
some of it away. In case the washings collected in a 
= near the heap, the dissolved substance would be 
posited as the water evaporated during dry weather, 
nm, glassy crystals being formed. The washed heap 
@ rusty appearance, and the material forming the 
crystals was long ago called green vitriol-—vitriol being 
the general name given to a number of crystalline glassy 
substances. The early alchemists used to test every- 
ens a7 came aaenes, = ay seems to mare been one 
of t t tests to be applied. strongl green 
vitriol, dense white fumes are given off, oti when 


condensed (by cooling) give a corrosive, strongly acid, 
oily liquid, known still as oil of vitriol. Tes i, the 
effect of this on various substances, it was fo that 


when poured upon nitre, it gives rise to another volatile 
acid, which dissolves many metals, and hence was called 
aqua fortis, which is still used by jewellers to distinguish 
imitations from real gold, the latter not being acted on 
b sg fortis. Sea salt, when acted upon by oil of 
vitriol, was found to give off fumes which readily dissolved 
in water. The fumes were termed spirit of salt, and the 
solution became known as muriatic acid, both of these 
names being still in common use. In this way the old 
workers were always proceeding from the known to the 
unknown. 

The nature of the change undergone by limestone 
when burned was not discovered until early in the 
scientific era, by Black about 1755. But great as the 
growth of knowledge has been, the majority would 
remain incurious in face of a mountain of smoking, 
slaking lime. Embryologists tell us that every higher 
form of individual life becomes what it is, in its passage 
from the early stage corresponding to an egg, by a process 
of gradual development from an extremely low form. 
The same is true of society, we can see in it all the forms 
of far off times. And not only is-mankind the proper 
study of man, but it is the only study in which any large 
number can take an abiding interest. Nature apart 
from man has little interest for most of us. Though 
most houses are built with mortar, scarcely any one 
cares what mortar is, but only what mortar does; at 
most it is so many parts of line to so many parts of sand, 

Little if anything has been done to develop and 
extend the art of inquiry; the teaching of the Church 
and of the schools for the most part has been frankly 
dogmatic, the pursuit of truth being evaded, not 
encouraged, The task before us is to overcome this lack 
of outlook. 

The art of the potter, as now practised, can only 
have been acqui by trying experiments, in no way 
random, but based upon intelligent observation and the 
constant exercise of the imagination. The construction 
of the potter’s wheel must have been an astonishing feat 
of discovery and invention thousands of years ago ; 
pocenry, it involved a whole series of discoveries and 
nventions. 

The potter is proved by his works always to have been 
an unconscious investigator and discoverer. Noticing 
some particular effect, has asked himself and ascer- 
tained what would happen if the conditions were slight] 
varied, and has thus unknowingly educated himself 
in the art of inquiry ; in fact, te has constantly engaged 
in what we now diloquently speak of as research. 
The a of Palissy the potter is a record of research, 
and the edgw nag hag ae By ve of proof that the 
pioneer worker in 1 industry was an experi- 
menter of the first oer, ad ad 

Mr. Bernard Moore is a striking example of the born 
investigator. At the outset he had the idea before him 
that all colours should be obtainable from a single 
mixture by varying the conditions—and in his lustre 
ware he has all but realised this dream; reds shade 
harmoniously into blues, and the two become blended 
in most surprising ways, giving rise to colour forms of 
wondrous beauty and purity. ‘In no other ware has the 
control been so fully demonstrated which the potter 
may exercise over his materie.ls. 

he war has stirred the spirit within the potter, and he 
with others now that the power to use knowledge 
—not knowledge itself—is power. And this power to 
use knowledge is scientific method—knowledge used with 
pen tA regulate procedure and to procure new 

owledge. 

The method of science is in no way peculiar—it is 
judicial method, the method of the logician applied to 
practice, the method of the detective ; Huxley called it 
organised commonsense. The shilling-shocker detective 
ae 
doings. But who wi pete os Nes ee 
with the discovery of the nature of the crime commit 
let us say, when ironrusts ? Yet it may well be regarded 





to the general public. Facts, more facts, all the facts in 
the world, if not what we ask for, is all we receive from 
the schools. The curse of books is too much upon us. 
The way knowledge is won, still less the way know 

is to be used, is not taught. The teacher parrot is easily 
found: the teacher who will refrain from ing, who 
will force his pupils to learn and develop them as 
observant, thoughtful, reasoning beings is almost 
unknown. No training being given in the art of inquiry, 
teachers cannot be expected to be inquirers or to lead 
others to inquire. 

We shall only succeed in developing the intellectual 
faculties when we seek to develop them on the lines 
on which handicrafts are developed—through practice 
and not through prating. However many new buildings 
we may put up, we shall make no progress, unless we 
improve our methods of teaching and make them 


practical. 
Huxley long ago summarised the position in sayi 
that “‘ The great aim of life is not knowledge but action.” 


The knowledge gained in the schools should be of such 
kind, the training given so imparted, that both subserve 
the purposes of action, bearing in mind that, as Thring, 
& prince among teachers, insisted, ‘‘the whole human 
being is the teacher’s care’”—that we have to educate 
for home as well as for wage earning. 

Practice is always better than precept. In showing 
how beginners may be taught method, there must be some 
definite object in view, some definite problem to be 
solved, such as the examination of limestone, one of the 
commonest and most useful earthy materials. How 
would a detective proceed in such a case? He would 
endeavour to ascertain the facts of the case and pick 

some clue which can be followed. Limestone is 
clearly the stone which contains or gives lime. Lime is 
made in lime kilns by burning limestone, either by 
patting alternating layers of limestone and coal in the 

, or by passing the flames and heat from a neigh- 
bouring fire up through the kiln filled with 
stone. The heat seems to enter the stone, 
strange that it should be expelled by wetting, for usually 
when substances are burned and reduced to ashes all life 
seems to go out of them. The lime burner can give 
many items of information, but none which seems to 
afford any very definite clue which can be followed, 
unless, indeed, he happ to say that the quantity of 
limestone put into the kiln is a good deal more than 
that taken out as lime. Dry chalk is weighed out in a 
suitable vessel (such as a porcelain crucible) and heated 
in a muffle furnace, then cooled and weighed again. 
The heating, cooling and weighing are repeated until no 
further change takes place. The loss is over 100 
cent., and repetition of the experiment would show that 
the same loss is always sustained, whatever heat may be 
applied, for the same kind of limestone. If students are 
being instructed, they should write out beforehand the 
reasons for making the experiment, and also record all 
they observed during the experiment. The results 
obtained also afford an opportunity of driving home 
certain lessons on the interpretation of numerical values, 
which have a on ordinary business practice. 
From the actual results an average value is obtained. 
Usually about half the results of different experiments 
differ from the mean or average on one side and half on 
the other side. Further experiments would show that 
other materials, whether Bath or Portland stone or 
carboniferous limestone, would not differ materially from 
chalk. Only lias limestone is found to give a con- 
siderably smaller and very variable percentage of lime ; 
but this variety is obviously ‘‘dirty’’ in appearance. 

Thus the conclusion is established that t 
of lime depends on the expulsion of something from the 
limestone. 

The stalactites and stalagmites are also found to give 
lime when burned, and lose nearly 44 per cent.—rather 
more than ordinary limestones lose. Cale spar or calcite 
—crystalline material filling up cracks in limestone rocks 
—also gives lime when , losing about 44 per cent. 
of its weight. It is difficult to resist the conclusion that 
this is the pure material of limestone. 

It may next be asked how is limestone formed ? 
Chalk when seen under the.microscope is seen to be full 
of shell remains ; shell remains are recognisable in most 
limestones, usually sea shells, but sometimes the lime- 
stone is largely com of fresh water shells. Some 
limestones are full of coral remains, and coral is formed 
in the sea. Clearly limestone has been laid down under 
water, and it would seem that shells must be made of 
limestone. It is found by ougseenees that very 
lime is obtained by burning ost any kind of shell, 
whether sea shells, fresh water shells, land shells, or egg 
shells, and the percentage of lime obtained is nearly as 
much as from limestones. The Challenger people 
dredged from the floor of the Atlantic, at depths of 
2,000 ft. or more, an ooze very like chalk in appearance, 
and the minute shell remains in it were the shells of 
t) i living at the surface. 

he lime obtained from limest ake game aye. or 
before and after slaking, is found to weigh more, about 
in the proportion of four to three, and nothing is lost 
on yes org @ temperature at which water is easily 
driven off, but only at a caneneeeany higher temperature. 


ieces of the 
ut it seems 








If this higher ued, the lime again 
becomes ‘‘ quick ’’ has the same weight as before. 
In preparing mortar, the lime and sand are mixed 


with water, and some action takes place between the 
two solids, As regards possible action of water, it is 


formation | C 





easily found by shaking sand or lime with water, filtering 


off, and evaporating some of the clear liquid, that little 
if any sand is dissolved, but the lime water leaves a 
substantial residue. The solution has a sweet taste, and 
lime water is commonly given to babies. On ing some 
finely-powdered limestone with water, filtering and 
evaporati the clear liquid, very little solid matter 
remains, limestone thus being far less soluble than 
slaked lime. 

Discoveries have often been made incidentally by 
following up some chance observation. The X-rays and 
radium were ch discoveries, and so was the discovery 
of argon in air. 

In making lime water, it is difficult to prepare a clear 
solution, for the clear liquid soon becomes covered with 
a skin when exposed, and in time quite a crust is formed 
on the liquid. Black, 150 years ago, concluded that the 
deposit was due to the lime attracting something, which 
he called fixed ait, from the atmosphere. Black knew 
that calcareous earths, in their native state, effervesced 
violently when mixed with acids, whilst quicklime 
dissolved quietly, from which he concluded that limestone 
contained a large quantity of “fixed air” which it gave 
up when sufficiently heated. The modern student, 
having found that limestones effervesced with acids and, 
according to their purity, lost up to 44 per cent. in weight, 
would both measure and weigh the gas given off, and 
would subject the precipitate from lime water to similar 
treatment. He would have to think out ways of making 
the experiments. 

The close correspondence thus established between 
the loss in weight when limestone is burned and the 
weight of the gas given off when it is dissolved in acid, 
taken in conjunction with the behaviour of lime water 
on exposure to air, and the similarity of the precipitate 
to limestone both on ignition and when dissolved in acid 
leaves little doubt that the conclusions already arrived 
at that limestone consists of lime in association with the 
gas called fixed air by Black. 

Curiously enough, Black never carried his experiments 
so far as to establish the correctness of his conclusion 
by associating the given off on dissolving one portion 
of limestone in acid with lime formed by burning another 
portion and so reproducing the material of which lime- 
stones are mainly and calcite entirely com The 
modern student detective “would necessarily seek to 
obtain this evidence. He would simply bring the gas 
in contact with lime water, and finding a precipitate 
produced, he would prepare enough to determine its 
precise nature when heated and when dissolved in acid, 
and thus establish its identity with Black’s fixed air. 

But instead of passing the gas directly into lime water, 
having heard that ordinary so-called soda water is made 
by ing similar gas into water he might for con- 
venience add soda water to lime water. Finding a 
precipitate was produced, he might go on adding the soda 
water, hoping to produce more. Then would come the 
chance discovery that the precipitate is dissolved by 
excess of the solution. This important result affords 
a clue to the deposition from hard waters, and to the 
production of caves in the limestone. 

The foregoing demonstrates the way in which the 
art of inquiry may be taught, how question after question 
may be asked, and the answers obtained by direct 
experiment. Such training develops habits of thought 
and the habit of looking into things, and the tendency 
is thus acquired to ask for definite evidence in proof 
of statements made. 

Proof has already been given of the value scientific 
assistance may be to the pottery industry through the 
work done in connection with the production of hard 
rman: Early in 1915 the Governors of the Stoke 

ottery School, together with representatives of the 
pottery manufacturers of the district, asked the Depart- 
ment of Scientific and Industrial Research for assistance 
in carrying out an inquiry into the methods of making 
hard porcelain similar to the domestic ware produced 
on the Continent. They had felt the competition of 

‘ontinental tries and especially of Germany, which 
was sending large quantities of cheap translucent ware 
into our markets and especially into America. The 
department appointed a committee to go into the matter, 
and it was arranged that the inquiry should be carried 
out by Dr. Mellor and Mr. Bernard Moore at Stoke, the 
department undertaking to pay a sum of 7,500/. plus 
three-quarters of the other costs of maintenance. Owing 
to difficulties with labour and materials it was not until 
the end of 1915 that Dr. Mellor and Mr. Moore were able 
to get well under way, and in the early part of 1916 they 
were able to carry out their work on the manufacturing 
scale. The materials were to be of British origin, and the 
method of working was to be such as could readily be 
undertaken by a workman accustomed to the more 
plastic English clays. It was desirable that the ware 
should be capable of being fired in an ordinary English 
oven. The methods of decoration and the palette of 
colours had to be considered, and the cost of the ware 
was not to exceed that of the foreign ware with which 
it would have to compete. Eighteen months after the 
beginning of the experiments the difficulties had been 
largely overcome, and marketable table ware uced. 
About half a dozen firms are preparing to uce hard 
porcelain commercially. reset 

A British Refractories fen —_ jation was 
incorporated and registered as 4 limited liability company 

uite recently. It is to be ho that those who conduct 
this association will take the long view which has 
characterised the work of the Geophysical Laboratory 4t 
be fmsirige 9 m. That work has carried out on 
almost ideal lines, with the object of collating the 








scientific data i for the interpretation of the 
the ine rocks in_ the 
earth’s crust. Altho the work was done without 


ical ends in view, when at the outbreak of war the 
qualities of glass were no longer procurable from 
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Germany, and it was necessary to undertake their 
production in America, the data accumulated at the 
Geophysical Laboratory were so complete that the 
director was able almost forthwith to take charge of glass 
manufacture, and satisfactory glasses were soon juced. 

A colossal industry is about to arise involving the 
carbonisation of coal at low temperatures in order that 
the volatile constituents may be recovered and used as 
oil fuel. The economic success of this industry will 
only be secured if retorts and ovens can be provided 
which will stand the stress of continued use. 

It is to be hoped that the me of the Refractories 
Research Association will irected mainly to central 
problems. No works should be without a scientific 
assistant, and the works will need a re; staff 
acting under the advice of and in collaboration with the 
experts attached to the Research Association, these will 
deal with hand-to-mouth everyday problems; without 
some such 0 isation the workers of the Research 
Institution will not be sufficiently informed as to the 
problems of the industry to give effective aid in their 
solution. 

The scientific worker, to be successful, must have the 
gift of imagination, he is therefore more or less of an 
artist. Many of the glazes and bodies are very beautiful, 
but the ware is often over-decorated, the designs lack 
freedom and are too conventional, the colour shades 
are not always satisfactory. Shape, colour, texture 
and decoration all contribute to please the eye, and the 
love of colour is undoubtedly es A decorative 
industry such as that practised by the ter is able to 
contribute materially to our social advance; let us 
hope that it — > mindful of this power and regard its 
exercise as & public duty. 





TURBULENT FLUID MOTION AND , 
SKIN FRICTION.* 
By Professor T. H. Havetoocr, F.R.S. 

I ion.—1. It is generally admitted that our 
knowledge of the laws of skin friction for a solid moving 
through a fluid is not very satisfactory. This may be 
ascribed to two main reasons: in the first place the 
inherent difficulties of the theory of turbulent fluid 
motion are great even in the simplest cases, and in the 
second place most of the experimental data which are 
available have been gathered, not with the primary 
object of building up a consistent theory, but with more 
immediately practical aims in view. 

Although no general investigation is attempted in the 
following notes, it is hoped that they may be of interest 
as @ critical discussion of certain cumraen of the problem. 
The work may be summarised briefly as follows :— 

(1) An examination of experimental results with a 
view to defining or estimating the (apparent) velocity of 
slip of a fluid in turbulent motion past a solid. 

(2) The expression of the frictional force per unit area 
at any point of a plane surface in the form «x p v®, where v 
is the relative velocity at the point; determination 
of the value of «x from ¢: imental results. 

(3) The calculation of the total frictional resistance 
in the case of a plank for which the distribution of 
velocity is known ; remarks on the distribution of velo- 
city for a long plank. 

(4) Two —— ey oo. Seeee the 
assumptions involved in a ing a similar method to 
nen surfaces. rae, ° 
(5) Connection with the law of similarity ; the effect 
of the ratio of breadth to length in the case of planks ; 
remarks on the extension to long planks and high 
velocities ; — problem of ship resistance. 

Relative Surface Velocity.—2. When a liquid flows 
in steady turbulent motion through a pipe it is usual to 
express the resistance of the wall in terms of the mean 
velocity over the cross-section, because it can be defined 
precisely and measured accurately. Further, in any 
theoretical study of the motion, it seems n to 
assume that the fluid velocity at the wall fo an0n, thane 
being no slipping of the layer actually in contact with the 
wall, -However, in many cases it is found that the 
velocity varies little over a large part of the cross-section 
and is an appreciable fraction of the mean velocity at 
points very near the wall ; this occurs when the turbulent 
régime is well established, either because of high velocities 
or of large diameter of the pipe. It may then, for 
some p , & matter of practical convenience to treat 
the motion as if there were a velocity of slip at the wall. 
The magnitudes involved may be illustrated by some 
numerical cases. Taking indirect calculations first, 
we may quote an instance from Lamb’s “ Hydro- 
dynamics” (fourth oeues peo? 654). Assume that the 
resistance per unit area of the wall of the pipe is given 
by k p vo, where p is the density and vp the mean velocit; 
of the liquid. Also suppose velocity to be approxi- 
mately v9 over the cross-section, ex in a thin layer 
of thickness / in which there is laminar flow. In order to 
obtain the same resistance unit area, we must have 
MM Uo/l = x pv%, or 
and » the kinematical viscosity. For water moving 
with a mean velocity of 300 cm./sec., this gives 
I = 0-024 cm. 

For the cognate blem of the motion of a solid 
thro a liquid, © an example from Froude’s data 
for planks. The resistance of a 2-ft. plank at 600 
ft. /min. is given as 0-41 Ib. per square foot ; the thickness 
of the equivalent layer for laminar motion gi the 
same resistance is found from «4 v/i = 0-41, or i = 0-007 
., epproxienstel ° 


i estimates, 
determinations of the velocity. Here 


experimental 
the velocity is obtained by means of a Pitot tube, and 





. Pp read bef the . . . 
sea ry ore Institution of Naval Architects, 


1 = »/x vo, where ,u is the viscosity | mad 
ti : 


and we turn now to/|1 





| it is obvious that the nearest point to the wall at which 


an experimental value can be found upon the 
dimensions of the Pitot tube. For the motion of a plank 
through water we have Calvert’s measurements of 
frictional wake.* In this case the Pitot tube was one- 
= of an inch in diameter. It was found that the 

ive velocity at the surface of the plank decreased 
from full speed at the front end to about half that speed 
at the aft end of a 28-ft. plank moving at about 400 
ft./min. For turbulent flow through pipes, passing 
over the earlier work of Bazin and o , we may take 
an example from measurements by Stanton.t The 
Pitot tube was of section, the external 
dimension in the direction of the radius of the pipe 
being 0:33 mm. With a smooth pipe of 2-465 cm. 
radius, the velocity at the axis being 1,525 em. /sec., the 
velocity at 0-025 cm. from the wall is given as 592 cm. /sec. 
Further, the mean velocity is about 0-81 of the velocity 
at the axis.t Hence we may deduce that the (ap t) 
velocity at the wall is 0-475 of the mean velocity. A 
similar result is obtained from other cases given in the 
pom os. the value of V d/» being in the neighbour- 

of 50,000. 

We shall assume that we can refer to a relative surface 
velocity which is sufficiently definite for certain purposes, 
the limitations being indicated by the numerical examples 
which have been given. 

Plane Surfaces.—3. We wish to see if the frictional 
force per unit area on any plane element of surface can 
be expressed by « p v®, where v is the relative velocity 
of the fluid and wall at the point, p is the density of the 
fluid, and « is a non-dimensional coefficient of roughness. 
One of the earliest attempts to analyse turbulent fluid 
motion, by was mpm 4 involved a surface friction of 
this kind, together with a constant effective coefficient 
of eddy viscosity, or of mechanical viscosity as it was 
called by Osborne Reynolds. Experimental results on 
flow through pipes can be fitted more or less by a scheme 
of this kind, but it is generally recogni now as only 
an approximate statement. In the place the mean 
friction on the walls is not simply proportional to 
(velocity)2, but depends also on the diameter; so that 
the friction on an element of the wall may include a 
term involving its curvature. Rurther, the effective 
eddy viscosity is not found to be constant over the 
cross-section, though it varies little except near the walls. 
A similar theory been applied recently by G. I. 
Taylor to the turbulent motion of the atmosphere and 
the skin friction of the wind on the earth’s surface. 

Rankine, in his method of augmented surface, assumed 
a skin friction proportional to (velocity)2; but the 
working out of the idea involved various assumptions 
which are no longer regarded as legitimate. 

In these notes the scope is much more limited. The 
method is 2 in the first instance, only to plane 
surfaces; and, without further theoretical elaboration, 
some experimental results are examined from this point 
of view. 

To obtain a value of the coefficient « for smooth sur- 
faces, take first some of the earlier data: Bazin’s results 
for water flowing in open smooth canals of great breadth 
compared with the depth. These have been expressed 
in various empirical formule. We shall quote one 
numerical case.§ If R is the skin friction per unit area, 
V the mean velocity, v,, the velocity at the open surface, 
and v the (apparent) velocity at the bottom of the canal, 
we are given— 


tm = VIL +181; o= V(I— 38-62 yh) 


where { = 2 R/pV%. With a mean velocity V = 142-9 
om. /sec., and ¢ = 0-0044; this gives— 


R = 0-0022p V2 = 0°0038p vt 


However, we have a more accurate expression of recent 
work in Lees’ formula for turbulent flow in smooth pipes,|} 
namely :— 
R = pV2{0.0009 + 0-0765 (»/V d)%35} 

This formula includes the results of Stanton”and Pannell 
quoted in the previous section. We may, therefore, 
use for the relation between the velocity v at the wall 
and the mean velocity V the equation v = 0-475 V. 
Further, if we assume the formula to hold when the 
diameter d of the pipe is made very large, we deduce an 
expression for a p surface in the required form, 


namely— 4 

{R = 0-004 pet} CEI 

We shall use this expression to estimate the frictional 
resistance of a smooth plane surface, v being the relative 
velocity at the surface. 

4. In order to apply this method it is n to 
know the distribution of velocity over the ace. 
Unfortunately, there are very few determinations 
available for this p , although, no doubt, others 
may have been made in recent years. The only direct 
observations which have been published appear to 
those of Calvert, given in his paper on the measurement 
of wake currents, to which reference has already been 


e. 
A plank, 28 ft. long, and coated with black varnish, 
was drawn along the surface nd water, and measurements 
were made with (Pitot) tu projecting 
underside of the plank. ‘The recorded at dis- 
tances of 1 ft., 7 ft., 14 ft., 21 ft., and 28 ft. from the 
leading end were respectively 16 per cent., 37 per cent., 
*C. A. Calvert, Trans. I.N.A., vol. xxxiv, page 61, 

893. 
+T. E. Stanton, Proc. Royal Society, A, 85, page 366, 

911. 
a and Pannell, Phil. Trans., A, 214, page 206, 

1914. 
§ Data from Mises, Zlem. der Tech. Hydromech., teil 1, 


97. 
: t C. H. Lees, Proc. Roy. Soc., A, 91, page 49, 1914. 
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Total skin friction= | 
C) 

—_ agree Seton of aayve re may ae a fair ourve 
wing variation o jong the plank, where 

is the velocity of the plank. It is shown in curve A of 

Fig. 1. “a ike more —- be —— a 

mately from graph. Applying Simpson’s 

inpervals i of v2/Vve the 


< 


of 1 ft., the in 
comes to 10-2. With a velocity V = 400 ft./min., this 
gives a total of 3-51 Ib. 

The resistance of the plank was not measured by 
Calvert. However, we wy 3 obtain another estimate 
from W. Froude’s results (Brit, Assoc. Reports, 1874). 
Using Plate II of that report, we can read off from-the 
curves the resistance of a 28-ft. varnished at 
400 ft./min, ; it is 3-51 lb,, as nearly as can be estimated. 
Naturally one need at no importance to the coinci- 
dence, except that with a constant coefficint x = 0-004, 
and ing account of the actual distribution of surface 
velocity value of the total friction is in agreement 
with direct measurements in 
thet the total abi feietlen le proportional +0 the equars 

the to in friction to 
of the velocity V. of the boy, theory of 
physical dimensions applied to similar 
R = pVefs (Vi/r). 
On the present statement, the only difference is that it 
is the relative surface velocity which is some undeter- 
mined function. For instance, in the Freph of Fig. 1, if 
a is the distance from the leading en graph must 
satisfy an equation of the form— 
vt/Ve = F (a/l, Vi/r). 

After in’ ing along the plank, we obtain then R in 
the functional hora given 

6. Assuming the value 0-004 for « for smooth planks, 
we may deduce some information as to the fall of surface 
epg y! for Be mean tu nea bo a divided 

K ves average value 0 over t ace. 
"raking Zahm’s experiments* on 

air, using a suitable value of p and taking results 
as they are given in the table for the resistance of planks 
of ous lengths at 10 ft. /sec., we obtain the following— 


Length vn 2 4 8 12 16 
Average v2/V2 0:574 0-543 0-516 0-497 0-40 
From the similar tables of W. Froude for planks in water 

at 10 ft./sec., we find— 


in 


2 8 20 50 
0-529 0-419 0-359 0-316 


of course, the V //vy values do not correspond 
sets. Froude gives a column which is said 
resistance per square foot of the last foot of plank. 
is, one may su , obtained as the difference 
ance of two p differing in length 1 
obviously assumes that the addition of 1 ft. to the rear 
of a plank does not alter appreciably the distribution 
velocliy over the rest of the plank. Taking the 
as they stand, we may deduce the average value of 
over last foot of plank for various lengths. They 
give :— 
Length eve 2 8 20 
Average «- 0-503 0-340 0-309 0-201 

The second pores ee average value of v@/V2 over the 
last foot. Taking square root, we may estimate the 
relative Myr 4 the end of a 50-ft. plank moving at 
10 ft./sec. as about 0-54 of the velocity of the plank, 
and this estimate will be on the high side. It may be 
com with the value 0-475 which we found for the 
similar ratio in flow through pipes when the steady state 
has been reached. 

Curved Surfaces.—7. If a body is moving a 
liquid we may suppose the force on an element d 
the surface to be resolved into a normal pressure 
frictional force Rd 8. The latter will be in a direction 
opposite to the relative velocity, and, if we suppose it 
to make an angle @ with the direction of motion of the 
body, we may define the skin friction as [RAB cos 6, 


be | taken over the wetted surface. 


For plane surfaces we have shown that there is some 
justification for taking R equal to «pv*, where v is 
the relative velocity. In the case one would 
probably have an additional term involving the ourva- 
ture of each point. Consider first the case of “ two- 
dimensional”’ flow, when the longitudinal cross 


the distribution of velocity. 
The effect of this kind of curvature has been discussed 
estimating the distribution of 
ti It should be noted that 
it is as effect of the shape of midship 
section, for there the curvature is at right angles to the 
line of flow. Naturally, in three-dimensional flow both 
effects are sw and disentangled. 








* A. F. Zahm, Phil. Mag., 8, page 58, 1904. 
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No experimental determinations’ of surface velocity 
appear to have been pu! ne ee one > 
water. The extension from plane to curved surfaces 
is thus to a eg edgy speculative. However, as the 
extension has made already in other methods, 
two numerical examples are given here to illustrate the 
various assumptions. 

8. For two-dimensional motion, su that the 
model is 28 ft. long, as for Calvert’s p , with a longi- 
tudinal section shown, as to the upper half only, in model 


C of Fig. 1. This is a form for which Baker and Kent* 
have calc the preasure distribution in stream-line 
motion. From the curves given in that paper we can 


draw a curve of the distribution of v@/V2 in stream-line 
motion, v being the relative surface velocity and V the 
velocity of the model. Now, as an arbitrary assumption, 
su) that in turbulent flow v? diminishes for 

according to the same law as for the 28-ft. plank. 
That is, we take a reduction factor at each point from the 
curve A of Fig. 1. We obtain thus the curve C of Fig. 1 
as an estimated distribution of relative velocity, or, 
rather, it shows the values of v@/V2 for the model. Also 
the total skin friction, per unit breadth— 


= [Rd8cosd = fx petdl 


taken along the straight axis of the model. Estimating 
the area under’ the curve C, and the curved length of 
Model C, we can calculate the mean resistance per unit 
area. It appears that the model has a mean resistance 
per unit area about 11 per cent. greater than that of a 
plank of the same length. 

9. For a three-dimensional case we take similar pre- 
liminary data from a Fas ol by Mr. D. W. Taylorf on 
solid stream forms. @ carry out the same process as 
in the previous section, and it is begeesoyp to reproduce 
the co g curves. The only difference arises 
from the fact that the solid is one of revolution with 
pointed ends. Consequently the element of area 
a hes zero at the two ends. If y is the ordinate 
of the ship form at any point on the axis, we have to 
graph the values of y v? on the straight axis of symmetry 
as a base, instead of simply v? as in the two-dimensional 
eae. As far as the numerical approximation has 

m carried, it appears that the mean resistance per 
unit area for this model is about equal to, or slightly 
less than, that of a plank of the same length. 

10. The resistance of a small appendage on the surface 
of a ship must depend chiefly sy the relative surface 
velocity in its neighbourhood. It is Je ab pied to refer 
here to some experiments by Mr. ert to determine 
the added resistance due to local roughness of a model. 
If the rough area were small enough relatively so as not 
to affect mn aaggey / the flow over the rest of the model, 
and if the slope of the surface and the direction of flow 
were known, it might be ible to deduce information 
about the velocity distribution. However, one cannot 
analyse in this way the results to which reference has 
been made. 

In regard to skin friction for curved surfaces especially, 
one ma f venture to quote and endorse a remark 
by Professor Lees§: “It is of prime importance that 
further measurements should be made on bodies which 
lend themselves to simple theoretical treatment in order 
to build up a satisfactory theory.” 

Law of Similarity for Planks.—11. The law of similarity 
in its usual form— 

R= p V2 f (V l/r) 


aogin to bodies which are geometrically similar in form, 
and are similar as regards scale of roughness. experi- 
ments with planks we may, perhaps, neglect the thick- 
ness and suppose the motion to be in two dimensions 
only ; but — will not be similar unless the ratio 
of breadth to gth is constant. In other words, the 
general formula from physical dimensions is— 

R = p V2 f (d/l, V l/r) 
where the undetermined function depends upon” two 
quantities, the ratios 6/1 and V l/v. 

In most experiments the ratio b/i has not been kept 
constant, but the planks have been of constant breadth 
and varying length. Consider, for example, Zahm’s 
results,|| which he expressed in the empirical formula— 

R = k& |-0-07 V1-85 


It is usual, following Lord Rayleigh, to correct this to 
satisfy the law of similarity and to write— 
R = const. x p V2 (v/V 1)0-15 
It is probably true that the Sy meer ga are not sufficient 
to decide between these two forms. The present point 
is that, without altering the empirical law as regards J 
and V, the formula can be made to satisfy the dimensional 
equation by writing it, for instance, in the form— 
R= const. x p V8 x (1/b)008 x (»/V 10-18 

Similar remarks may be applied to Froude’s experi- 
ments with planks in water. For instance, with planks 
coated with fine, medium or coarse sand the resistance 
is proportional to the square of the speed. Hence in 
these cases the quantity R/; V2? is a function of the ratio 
= and of the =a x, which may be called the ratio 
of roughness ; but it is not ible to te the two 
effects in the results. Be ot ae 

12, Consider the distribution of relative surface velocity 
from front to rear of a long plank. Neglecting the dis- 





* G. 8. Baker and J, L. Kent, Trans. I.N.A., vol. |, 
Pt. IT Page 37, 1913. 
: Fe - Taylor, Trang. I.N.A., vol. xxxvi, page 234, 


¢ G. S. Baker, Trans. North-East Coast Inst., vol. 
ry: sa! Te LN.A., Vol. lviii, page 
¥4 , Trans. I.N.A., Vol. lviii, 64, 1916. 
Zahm, loc. cit. 
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turbance of the edges, we may divide the distribution 
roughly into three stages. Firstly, one in which the 
velocity falls rather rapidly, then a long stretch in 
which it is practically constant, and, finally, a relatively 
short “E, ~ in which the influence of the end is eppre- 
ciable. For a very long plank in which the mi 
stage predominates, the mean resistance per unit area will 
geen eames to «pv, where v is the steady value of 
surface velocity. On the other hand, for shorter 
—— a a ormula Veta be — Wty which may 
possibly be of the type p V2 {A + B (v/V J)*}. 
Again, if the breedth is taken into account, such a 
formula would be incomplete. Here, in the extreme 
case of a long plank of finite breadth, the analogy of 
steady flow through a pipe is suggested, and the mean 
resistance should approximate to a two-term formula of 


the | the t just given, with the length / replaced by the 


b thd. This is the argument which has been worked 
out by Professor Lees in the paper* already quoted ; in 
that analysis d is taken as the diameter of an equivalent 
circular cylinder and deduced by a certain method from 
the dimensions of the plank. 


13. On the ves Soa the law of similarity for flow in | 


pipes, Mr. Bakert 


collected results on planks and 
models into one di 


, in which R/p V2 is graphed on 


a base Vi/y. We have seen that certain reservations 
are in poems the data from planks in this 
way; but the general trend of the curves obtained is 


very suggestive. Fig. 2 shows the main points in a 
diagrammatic sketch, not drawn to scale, but based on 
the poper quoted. 

The stage A B represents simple viscous fluid motion 
when R is proportional to V. C is an unstable con- 
dition when the flow may be partly simple and partly 
turbulent ; after C the latter regime becomes permanently 


1. 














Viv 


established. If the resistance R is represented by a 
single-term formula f V", it is clear that the best single 
— is V? in the neighbourhood of the points B and C. 
t may be noted that ude gives V2 for short, smooth 
planks of 2 ft. in length, and it may be presumed that 
the region near C was then under and rs no As the 
length is increased, the best: single power decreases to, 
say, V1‘85 near D, if we take this point to represent the 
limit of available data. Froude’s extension to very long 
planks is equivalent to extending the curve beyond D, 
so that it approaches the base-line ultimately. On 
the other hand, the ed with the problem of flow 
through pipes suggests that the curve approximates 
ultimately to a line at a finite distance above the base- 
line. In the latter case, the —_ single power must 
increase again at some stage and ultimately a) h 
Ve again. However, it is generally sesognined That all 
that can be said is that any reasonable extension of the 
curve beyond D must lie within certain limits ; that, in 
fact being the statement made by W. Froudef in this 
t. We are not able yet to decide between alter- 
native methods. 

14. In conclusion, a few remarks may be made on 
the une problem of ship resistance. It is usual to 
divide up the total resistance into three parts : frictional, 
eddy-making, and wave-making resistance. An alter- 
native method is to think of the direct action upon each 
element of the wetted surface. This action may be 
resolved into a normal pressure p and a tangential force 
R at each point. The integrated effect of R gives the 
total skin friction, while the resultant of the pressure 
distribution may be called the body or form resistance. 
In the ship problem it is assumed that the latter corre- 


— in the main to the wave resistance, together with | 5 


ue to eddy-making of the more obvious kind. 
However, in general, the distribution of normal pressure 
and of tangential force will be interdependent and will 
each be affected by all the circumstances of the motion. 
It would be of interest to have some case analysed in 
this way, with the pressure distributi determined 








* C. H. Lees, loc. cit. 
_t G. 8. Baker, Trans. North-East Coast Inst., loc. 


cit. 
t W. Froude, Brit, Assoc. Reports, 1874, page 255. 
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experimentally. This method has been adopted in the 
corresponding problem in aeronautics, which is simpler 
in some respects. For an airship ae in the form 
of a surface of revolution, the pressure distribution can 
be found imentally. The difference between the 
resultant and the total resistance then gives the skin 
friction.* If there were, for the same case, experi- 
mental determinations of the distribution of velocity 
over the envelope, it would be possible to compare the 
total skin friction with the resultant of a distribution 
of tangential force k p v2 taken over the surface. Results 
for submerged bodies in water might be deduced from 
those in air by the law of similarity ; but it would be 
preferable if direct results could obtained experi- 
mentally, for the distributions of normal pressure and of 
velocity for simple forms intermediate between the plank 
and the ordinary type of ship model. 





CATALOGUES. 

Liquid Fuel.—An apparatus for finding the ignition 
temperature of liquid fuels by exploding a small quantity 
in a heated crucible is descri in a catalogue issued by 
the makers (Mr. Harold Moore is the designer), Messrs. 
Charles W. Cook, Limited, Bridge-street, Manchester. 


Electrical Water Heaters.—Electrically-heated sterilising 
vessels for medical and dental use, and jugs for heati 
and boiling water, from 1-pint to 4-pint sizes, are lis 
in a small catalogue issued by the Cressal Manufacturing 
Company, Staniforth-street, Birmingham. 


Steel Extras.—A booklet stating the price per ton for 

extra work, such as straightening, sawing, painting, &c., 
on steel plates and sections, has been received from the 
Consett Iron Company, Limited, County Durham. The 
buyer adds these, according to the work required, to the 
base price for each class of steel. 
“Milling Cutters.—A catalogue of milling cutters with 
inserted teeth of high-speed steel has been received from 
Limit Ga and Tools, Limited, 3, Arundel-street, 
Sheffield. Each tooth is held with wedge and screw so 
that the cutting edges form a spiral. Two diameters and 
several lengths are made to standard sizes, all parts being 
obtainable as required. 

Scientific Instruments.—Messrs. Adam Hilger, Limited, 


| 76a, Camden-road, N.W. 1, have issued a useful booklet 


| wave-length spectrometer, 


giving brief tabulated particulars of the uses of their 
scientific instruments indexed under the names of the 
various products or industries. The instruments include : 
photometer, polarimeter, 


| refractometer, saccharimeter, projection comparator, and 





quartz spectrograph. 

Gas Pressure Governors.—A series of regulators and 
governors for adjusting the pressure of gas supply at 
meters, gas fires, ps, branch mains, &c., are described 
and illustrated in a catalo issued by the Bryan- 
Donkin Company, Limited, Chesterfield. The action is 
automatic and permanent—in the sense that no parts 
require periodical renewal, and the effect is to convert the 
variable pressure from the mains into a reduced constant 
pressure at the point of consumption. 

Tamping Machine.—‘* Tamping” or hammering down 
the loose earth to fill up a trench after laying a pipe, 
is generally done by hand labour with a 15-lb. ram. The 
Americans have, of course, machines for the purpose, for 
some of which the Hewitt Construction Syndicate, Ltd., 
39, Victoria-street, London, 8.W. 1, are the agents. It is 
mounted on four wheels, which bestride the trench, and is 
equipped with a small oil or petrol engine which drives 
the machine along and works a tamper of 150 lb. weight 
at 40 blows per minute. 


Hand Trucks.—Mr. H. C. Slingsby, 142, Old-street, 
London, E.C. 1, sends a catalogue of useful hand trucks, 
portable elevators, &c. The jack truck lifts a load from 
the floor and transports it, the loads being laid on 
wood base boards under which the truck when 
its platform is lowered. In another type loads are 
in boxes, with le irons on the sides, and the truck 
frame is open, so that it can be wheeled in to enclose the 
sides of the box, which is lifted on rising rails and 
wheeled away. 

Commercial Vehicles.—A catalogue of 48 pages, issued 
by Messrs. W. and G. Du Cros, Limited, contains some 
excellent illustrations of their extensive works at Acton, 
W. 3, together with specifications and illustrated informa- 
tion about their oc = vehicles of 2 tons and 
30-cwt. carrying capacity. The v are supplied as 
chassis, or complete with the required type of body, 
of which a considerable variety, made at the company § 
works, are shown. This firm offers to run and maintain 
fleets of their vehicles at contract prices. 





hial 








Enercy REocovery on THE ScHéLtENEN ELECTRIC 
Rariway.—Experiments on the recovery of the brake 
energy, made by Messrs. Brown, Boveri and Co., on the 
Scholienen line, which they equipped on the 1,200-volt 
direct-current system, were described in the ‘‘ Mittel- 
lungen” of this firm, and are briefly noticed in the 
chweizerische Bauzeitung of May 8 last. The line is 
metre-gauge, 3-75 km. long, 2-5 km. of which are rack 
railway with a maximum gradient of 17:9 per cent. 
The power is supplied by a transformer station and 6 
battery. The locomotives carry two shunt-motors with 
six , together of 130 h.p., coupled in series. The 
trial trains were of the full-load capacity, 58 tons. The 

recovered during the downhill run was estimated 
at 53-8 per cent., measured on the conductor rail, and 
at 59 per cent., calculated on the power supplied. 





* Cf. L. Bairstow, Applied Aerodynamics, page 357. 
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and links 
= * by motor. a motor h : by L _ the sand. (Sealed.) 
,,80 that as the load on the plant varies its operation 
is varied accordingly. As the speed of the motor is increased | 137,415. P. Yorke, 
or decreased in accordance with the load, the governor 12 is | Construction Com 
influenced correspondingly, and its balls or weights are caused to 
rise or fall. The rise or fall of the weights or balls ee me “a= 
connections 11, 10, moves the plate 9 and the area of air 
variedjis in accordance with the load. (Sealed.) 




















MISCELLANEOUS. 


, London, and 

, Tulse Hill. Manufacture of Moulded Bodies. 

.) . September 18, 1918.—This invention relates ‘to 

improved devices for moulding ~ 

including formaldehyde cond: ion products and also earthen 
ware, invention F vos to that t 
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part B 
magnetic chuck 80 that the whole mould can be rotated 
speed,'for;example, 5,000 r.p.m. to 8,000 r.p.m., about 
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the form of a continuous ring, this rod being embedded in cement 

at the same time as the cement joggles E, E, are formed between 

the blocks. The bottom of the silo is provided 

pping towards a suitable tra’ 

of blocks which lie below the froun 

a coating of asphalt or other suitable material, which 

to-form a damp-course. The roof of the silo is formed by a series 
roof ya yore N, which are 
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of 

re aneneee WP a door or the like in any suitable 

rying ap manner. (5S .) 
ther purposes, consists of a c 137,404. Sir A. Herbert, Whitchurch, and J. Dobson, 
of cylindrical form with open ends, and provided with ribs or| Sheffield. Grinding Wheel Dressers. (3 Figs.) Wg A. | 
les on its inner surface, rotatabl ted and losed | 1919.—The invention relates to dressers for grinding wheels 
he | Within a stationary casing with removable end-covers, in which | of the kind in which the spindle for the dressing discs may be 
latter are situated the entry and exit for the sand, and mat Ye Fe CN of bearings in carriers separate 
through which end-covers éxtends a from the holder. In the present construction the bearings may 
the | Totatable chamber. The heating means, gas burners | be changed without any structural alteration to the carriers 
orelectric coils, are situated in the lower part of the space between | which has not been the case in previous constructions. According 
to this invention, the are formed in a pair of rotatable 
positi carriers detachable from the holder, and each carrier is provided 
for its insertion into piece ; with a plurality of bearings or holes constituting the gs 

a . / 


bseq iy 
appropriate manner. (Accepted 
? - 
J. S. Atkinson, Westminster, London, and 
Fuel Plant Company, Limited, Westminster, 
Combustion of Powdered Fuel. (5 Figs.) 
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the chamber and the casing. A cylindrical cas! 
vo that ite axes oelied. 








1 .—The invention has reference to the propulsion 
a BS Mec into the combustion chamber by meaie of a fan | 
and in intimate admixture with air, and the invention has for its 








